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K.OTE Organisms and Their Environments

K.OTE  Organisms and Their Environments o

Students who demonstrate understanding can:

a. Use observations and information to classify living things as plants or animals based on what
[Clarification Statement: To surviveand grow, animals need food, water, and air. Plants need water, light, and air to live and grow-

b. Use observations to describe how plants and animals depend on the air, land, and

needs, and they in turn, can change their environment. [Clarification Statement: Exampl als thange their environment could
include ants making anthills, plant roots breaking concrete, or beavers building dams. ]
c. Use observations and information to identify patternsin how animals ir food. [Clarification Stat
various means. Someanimalseat plants, someeat other animals, and some eat both.]
d. Provide evidence that humans’ uses of natural resources can affect the

around them, and share solutions that
reduce human impact. [Clarification Statement: Examples of how hulfaﬁ?ﬁg;of natural resgurces can aff e wolld include cutting trees for lumber and paper
products or discarding plastic bags and other w aste that affectsanimal habitats. \Humanssan reduce theirimpa ecycling avoiding littering

ent; Animals get their food by

The performance expectations above were dev eloped using the followirig elements.from the NRG_document_4-Framework for K-12 Science \Education:
[S

Crosscutting Concepts
\—

Patterns
Patterns in the natural and human
designed world can be observed, used to

Science and Engineering Practices Dis.ciplinary Core Ideas

Planning and Carrying Out Investigations
Planning and carry ing out investigations to answ
questions or test solutions to problems in K—2 buiids on

prior experiences and progresses to simple investigations, d describe phenomena, and used as

based on fair tests, w hich prov idedata to support i evidence. (a),(c)

explanations or design so z vater,and | __
= Make observation ich ca i i . The ei i .g. Connections to Engineering,

to make comparison f Technology,

A nalyzing and Interpreti A: E and A pplications of Science

Analyzing datain i i j ir, ¢

progresses to collecting, re i i ivei AVE i X Influence of Engineering,

observ ations.
= Use and share pict
observ ations. (c)

Technology, and Science on Society
and the Natural World
Every human-made product is designed

= Use observ ations to describe patterns and cooking pans. (a),(d) by applying some knowledge of the
relationships in order to answ er scientific questions C: Human Impactson Earth Systems natural world and is built by using
and solv e problems. (b (c),( = Things that people do to live comfortably can affect the world around natural materials. Therefore, taking
Obtaining, Evaluating, and icati them. But they can make choices that reduce theirimpacts on the land, | natural materials to make things impacts

Information
O btaining, evaluating, and co

water, air, and other living things—for example, by reducing trash the environment. (d)
through reuse and recy cling. (d)

ion.
= Read and comprehend grade-appropriate texts and
use other media to acquire scientific information. (d)
= Critique and communicate information with others in
oral and/or written forms using models, drawings,
w riting, or numbers. (d)

Connections to other DCIsin this grade-level: K.WEA

A rticulation of DCIs across grade-levels: 4 .PSE, 4.E, 5.MEE, 5.ESI

Common Core State Standards Comections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RI.K.2  With prompting and support, identify the main topic and retell key details of a text.

W.K.2  Use a combination of drawing, dictating, and writing to compose informative/explanatory texts in w hich they name whatthey are writing about and supply some
information about the topic.

SL.K.1 Participate in collaborative conversations with diverse partners about kindergarten topics and texts with peers and adults in small and larger groups.

SL.K.3 Askandanswer questions in order to seek help, get information, or clarify something that is not understood.

Mathematics -

MP.3 Construct viable arguments and critique the reasoningof others.

MP.7 Look for and make use of structure.

K.CC.6 Compare numbers.

K.MD.3 Classify objects and count the number of objectsin each category.
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K.SPM Structure and Properties of Matter

K.SPM Structure and Properties of Matter

Students who demonstrate understanding can:
a. Make observations that matter exists as different materials, which can be described and classifi
properties and their uses. [Clarification Statement: Observable properties could include color, texture, and hardness. ]

b. Compare and share observations of solids and liquids at room temperature.
C. Plan and carry out investigations to test the idea that warming some materials ca

and cooling causes them to change from liquid to solid. [Clarification Statement: S i i ces like butter, chocolate, ice,
cheese, orice cream. Students should be able to have the opportunity to see that not all substances’ pha &
qualitativ e description of temperature should be used.]

d. Distinguish between opinions and evidence in determining whether obj i i or are
manufactured. [Clarification Statement: Examples of natural and manuf: 3
w hich is not naturally smooth.]

€. Ask questions and share information about the natural i i 5 @ built. [Clarification
Statement: Examples of natural and manufactured objects could be a wooden dowel lly smooth.]

The performance expectations above were dev eloped-using the following elements from.the NRC document A Framework for K-12 Scienice Education:

Science and Engineering Practices isCi ) Q Crosscutting Concepts

A sking Questions and Defining Problems Patterns
Asklng questlons and defining problemsm grades (- 2 b |Ids on Patterns in the natural and human designed
S S world can be observ ed, used to describe

phenomena and used as evidence (a),(b)
Cause and Effect
Events have causesthat generate observable
raIIy or is manufactured. (a),(d) patterns. Simple tests can be designed to
ence of Sdence, Engineering,and | gatherevidence to support or refute student
L ideas about causes. (c)

pl ounter questionsabout the natural world every | Energy and Matter
day. (@),(b),(c),(d),(e) O bjects may breakinto smaller pieces, be put

¢ ETS2.B: Interactions of Engineering, Technology, together into larger pieces, or change shapes.
= Make observations to collec i 3 e cience, Sodety, and the Natural Environment (e)
= Every human-madeproduct is designed by applyigsome | _ __ __ __ ___ _ __ __ _______
know ledge of the natural world and is built by using Connections to Engineering, Technology,
materials deriv ed from the natural world, even when the and Applications of Science
materials are not themselves natural—for example, spoons
made from refined metals. (d),(e) Influence of Engineering, Technology,
¢ and Science on Society and the Natural
Obtaining, Evaluating, and Communicating Information World
O btaining, evaluating, and communicating information in K—2 Every human-made product is designed by
builds on prior experiences and progresses to ev aluate the merit of apply ing some knowledge of the natural
ideas and methods. world and is built by using natural materials.
= Critique and communicate information with others in oral Therefore, taking natural materials to make
and/or written forms using models, drawings, writing, or things impacts the environment. (d)

numbers. (b),(e)
= Record observ ations, thoughts, and ideas. (b),(e)

Connections to other DCIsin this grade-level: N /A

A rticulation of DCIs across grade-levels: 2.ECS, 2.SPM

Common Core State Standards Comections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

W.K.2  Use acombination of drawing, dictating, and writing to compose informative/explanatory texts in w hich they name whatthey are writing about and supply some
information about the topic.

W.K.7  Participate in shared research and writing projects (e.g., explore a number of books by a favorite author and express opinions aboutthem).

W.K.8  With guidance and support from adults, recall information from experiencesor gather information from provided sourcesto answer a question.

SL.K.3 Askand answer questions in order to seek help, get information, or clarify something that is not understood.

Mathematics —

MP.3 Construct viable arguments and critique the reasoningof others.

MP.7 Look for and make use of structure.

K.MD.3 Classify objects and count the number of objectsin each category.
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K.WEA Weather

K.WEA Weather

Students who demonstrate understanding can:

a. Carry out an investigation to determine the effect of sunlight on natural materials on Earth’s surface. [Clarification Statement:
Examples of natural resources on the Earth’s surface that can be inv estigated are rocks, water, soil, or sand.] [A ssessment Boundary: QuantitativeCorhparisons of data are
limited to comparing numbers.]

b. Observe, record, and share findings of local weather over a period of time. [Clarification Statement: Students-can observelocal w eather data
such as sunlight, wind, snow, rain, and temperature over multiple time periodssuch as hourly , daily, weekly, and over the schedl year.] [A ssessment Boundary: Climate is not
assessed. ]

c. Develop, use, and share representations of weather conditions to describe chariges overtime and identify patterns.
[Assessment Boundary: Not to include histogramsand line graphs.]
d. Analyze weather data to determine that some kinds of severe weathei are msre likely to occur than others in the local

region. [Clarification Statement: Studentscan use w eather datato compare likelihood of events such ds rain vs. hurricane; typical temperature'yvs. heat wave; wind vs.
tornado.] [Assessment Boundary: Limited to students' local region.]

e. Ask questions and obtain information on how forecastiiig of'severe weather can heip keep people safe. [Assessment Boundary:
Students are not expected to make measurements of w eather data or to forecast w eather,]

The performance expectations above were dev eloped using the follow ing elements from the NRC document”A Framework for K-12 Seience, Education:

Science and Engineering Practices |

A sking Questions and Defining Problems
A sking questions and defining problemsin grades K—2 builds on
prior experiences and progresses to simple descriptive questions
that can be tested.
= Ask questions about obsenzations of the natural worid. (e)
Developing and Using Models
Modeling in K—2 builds on priorexperiences and progresses to
include identifying, using, and developing models that represerit
concrete ev ents or design solutions.
= Develop and use models(i.e., diagrams, drawings, physicai
replicas) that represent amounts, relative scales\(bigger,
smaller), and patterns, (c)
Planning and Carrying Qut Investigations
Planning and carry ing out investigations to answer quastionsor
test solutions to problemis in K—2 builds on prior experiences and
progresses to simple inv estigations, based on fair tests, which
prov ide data to support explanations or desigri solutions.
= Planand carry outinv estigations collaboratively. (@)
= Evaluate different ways of observiiig and/ormeasuring an
attribute of interest. (a)
= Make observations and/or measurementsto collect data w hich
can be used to make comparisons. (a)
= Identify questions and make predictionsbased on prior
experiences. (a)
A nalyzing and Interpreting Data
Analyzing datain K—2 builds on prior experiences and progresses to
collecting, recording, and sharing observ ations.
= Use observ ations to note patterns in order to answer scientific
questions and solv e problems. (d)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the K—2 level builds on
prior experience and progresses to recognizing that mathematics
can be used to describe the natural and designed w orld.
= Use data to identify patterns in the natural and designed
worlds. (d)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in K—2
builds on prior experiences and uses observ ations and texts to
communicate new information.
= Read and comprehend grade-appropriate texts and/or use
other reliable media to acquire scientific information. (e)
= Critique and communicate information with others in oral
and/or written forms using models, drawings, writing, or
numbers. (b)
= Record observ ations, thoughts, and ideas. (b)

PS3.B: Conservation of Energy.and Energy Transfer
=\ Sunlight warms Earth’ssurface. (a)
ESS2.D: Weather andClimzaie
= Weather is the combinration of sunlight, wind,\snow\or
rain, and temperature in a-particuiar regien at a
particular time. Peopte measure these conditioristo
describe and record the w eather and te notice patterns
ov er time. (b),(c),(d)
ESS3.B: Natural Hazards
»_Some Kkinds of severe weather are more likely than others
in"a-giv en regian. (d)
= Weatherscientists forecast sev ere weather so that the
communities can prepare for and respond to these
events. (d),(e)
ETS1.A: Definingand Delimiting an Engineering
Problem
= Asking questions, making observations, and gathering
information are helpful in thinking about problems. (e)
ET S2.B: Interactions of Engineering, Technology,
Science, Sodety, and the Natural Environment
= People depend on various technologies in their liv es;
human life would be v ery different without technology ..

(e)

| Crosscutting Concepts |
Patterns

Patterns in the natural and human designed
world can be observ ed, used to describe
phenomena, and used as evidence. (b),(c)
Cause and Effect

Events have causesthat generate observable
patterns. Simple tests can be designed to
gather evidence to support or refute student
ideas about causes. (a)

Connections to Engineering, Technology,
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Every human-made product is designed by
apply ing some knowledge of the natural world
and is built by using natural materials.
Therefore, taking natural materials to make
things impacts the environment. (e)

Connections to other DCIsin this grade-level: K.OTE

A rticulation of DCIs across grade-levels: 1 SF, 2.ECS, 3.WCI, 4.E

Common Core State Standards Comections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RI.K.2 With prompting and support, identify the main topic and retell key details of a text.

W.K.2
information about the topic.
SL.K.3 Askandanswer questions in order to seek help, get information, or clarify something that is not understood.
SL.K.5 Adddrawings or other visual displays to descriptions as desired to provide additional detail.
Mathematics —
MP.2 Reason abstractly and quantitatively.
MP.7 Look for and make use of structure.

K.MD.3 Classify objects and count the number of objectsin each category.

Use a combination of drawing, dictating, and writing to compose informative/explanatory texts in w hich they name whatthey are writing about and supply some
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1.SF Structure and Function

1.SF Structure and Function

Students who demonstrate understanding can:
a. Observe and analyze the external structures of animals to explain how these structures help
needs. [Clarification Statement: External structures on animals allow them to gather, catch, eat, and chew food.]

b. Make observations to explain that animals, including people, have body parts tha
information, which the animal responds to with behaviors that help them gro

he animals meet their

theyse to obtain and convey
ana survive. [Clarification Statement: Animals use

that information.]
c. Make observations and describe that plants have different parts tha produce more plants and
respond to external mputs. [Clarification Statement: PIants use different parts su b as roo 8, stems, Ieaves flowers, a d fruits to help them survive, grow and

d. Ask questions to define a problem and design an object that re : : ture (part) present in

an animal or a plant to address the problem. [Clarification Statement: j ; i i all objects based on an animal
structure such as a bird beak.]

g. Use observations and information idence that ani ing size and to describe how being part of
a group can help individuals suivive. [Clarification Statement: Ani varying size ‘such as pairs, family groups, and large herds to obtain
ange.}

food, defend themselves, and cope witl

The performance expectations above were developed Using the following elements from the NRC document A Framework for K-12 Science Education:

Crosscutting Concepts

Patterns

Patterns in the natural and human
designed world can be observed, used
to describe phenomena, and used as
evidence. (e),(f),(g)

Structure and Function

The shape and stability of structures
of natural and designed objects are
related to their function(s). (a),(b),(c)

Analyzing and
Analyzing data in K2 builds on prior experiences
and progresses to coilecting, recording, and
sharing observations.

= Use observations to note patterns and Plants and animals have predictable characteristics at different stages of

relationships in order ta answe development. Plants and animals grow and change. (e) Connections to Engineering,
questions and solve problems. (a),(c) = Adult plants and animals can have young. In many kinds of animals, parents and Technology,
Constructing Explanations and Designing the offspring themselves engage in behaviors that help the offspring to survive. (f) and Applications of Science
Solutions LS1.D: Information Processing
Constructing explanations and designing soluti = Animals have body parts that capture and convey different kinds of information Influence of Engineering,
in K=2 builds on prior experiences a esses needed for growth and survival—for example, eyes for light, ears for sounds, and Technology, and Science on
to the use of evidence or ideas in constructing skin for temperature or touch. Animals respond to these inputs with behaviors that Society and the Natural World
explanations and designing solutions. help them survive (e.g., find food, run from a predator). Plants also respond to Every human-made product is
= Use information from observations to some external inputs (e.g., turn leaves toward the sun). (b),(c) designed by applying some knowledge
construct explanations about investigations. LS2.A: Interdependent Relationships in Ecosystems of the natural world and is built by
(b),(e) = They [animals] use their senses to find food and water, and they use their body using natural materials. Therefore,
= Use tools and materials provided to design a parts to gather, catch, eat, and chew the food. (a),(b) taking natural materials to make
solution to a specific problem. (d) LS2.D: Social Interactions and Group Behavior things impacts the environment. (d)
Obtaining, Evaluating, and Communicating = Being part of a group helps animals obtain food, defend themselves, and cope with
Information changes. Groups may serve different functions and vary dramatically in size. (g)
Obtaining, evaluating, and communicating LS3.A: Inheritance of Traits
information in K=2 builds on prior experiences = Organisms have characteristics that can be similar or different. Young animals are
and uses observations and texts to communicate very much, but not exactly, like their parents and also resemble one other animals
new information. of the same kind. Plants also are very much, but not exactly, like their parents and
= Read and comprehend grade-appropriate resemble other plants of the same kind. (e)
texts and use other reliable media to acquire LS3.B: Variation of Traits
scientific information. (f),(g) = Individuals of the same kind of plant or animal are recognizable as similar but can
= Record observations, thoughts, and ideas. (f) also vary in many ways. (e)

ETS1.A: Defining and Delimiting an Engineering Problem
= Before beginning to design a solution, it is important to clearly understand the
problem. (d)

Connections to other DCIs in this grade-level: 1.LS

Articulation of DCIs across grade-levels: K.WEA, 2.PP, 2.I0S, 3.SFS, 3.EIO, 4.LCT, 4.WAV

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RI.1.2 Identify the main topic and retell key details of a text.

RI.1.10 With prompting and support, read informational texts appropriately complex for grade.

W.1.2 Write informative/explanatory texts in which they name a topic, supply some facts about the topic, and provide some sense of closure.
Mathematics —

MP.1 Make sense of problems and persevere in solving them.
MP.3 Construct viable arguments and critique the reasoning of others.
MP.7 Look for and make use of structure.

1.G.2 Reason with shapes and their attributes.
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1.LS Light and Sound

1.LS Light and Sound

Students who demonstrate understanding can:
a. Investigate to describe that objects can be seen only when light is available to illuminate them.

b. Obtain and communicate information that very hot objects give off their own light. [Assessment boundary: E
that give off their own light are fire and the sun.]

c. Investigate that some materials allow light to pass through, others only allow some light to
materials block all of the light, creating a dark shadow.

d. Investigate to describe how mirrors and prisms redirect light.
of light being redirected from a mirror and a prism to be included.]

e. Carry out investigations to provide evidence that vibrating matter creat

[Assessment Boundary: O

matter to vibrate could be holding a piece of paper near a speaker.]
f. Design a device that uses light or sound to send a signal o
source to send signals, paper cup and string “telephones,” or drum beats.]

g. Provide evidence that communicating over distances is i
communication devices work should not be included.]

porta

The performance expectations above were developed using the following elements from.the NRC document A Framework for K-12 Science Education:

Crosscutting Concepts

Cause and Effect

Events have causes that generate

observable patterns. Simple tests can be

designed to gather evidence to support or

refute student ideas about causes.

(a),(b),(c),(d),(e)

Connections to Engineering, Technology,
and Applications of Science

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer guestians or
test solutions to problems in K-2 builds on prlor experienc

side from the lightsource), where the light cannot reach. (c)
Mirrors and prisms can be used to redirect a light beam.
Boundary: The idea that light travels from place to place is

Influence of Engineering, Technology,
and Science, on Society and the
ideas in constructing expl Natural World

= Use tools and material

specific problem. (f)

builds on prior experiences and uses observatiorns and texts to
communicate new information.
= Read and comprehend grade-appropriate texts and use

developed through experiences with light sources, mirrors, and
shadows, but no attempt is made to discuss the speed of light.)
(d)
PS4.C: Information Technologies and Instrumentation
= People also use a variety of devices to communicate (send and
receive information) over long distances. (f)
ETS2.B: Interactions of Engineering, Technology, Science,

Every human-made product is designed by
applying some knowledge of the natural
world and is built by using natural materials.
Therefore, taking natural materials to make
things impacts the environment. (f)

other reliable media to acquire scientific information.

(b).(9)

= Record observations, thoughts, and ideas. (b),(g)

on Society and the Natural Environment
= People depend on various technologies in their lives; human life
would be very different without technology. (g)

Connections to other DCIs in this grade-level: 1.SF

Articulation of DCIs across grade-levels: 2.ECS, 3.SFS, 4.WAV

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

W.1.2 Write informative/explanatory texts in which they name a topic, supply some facts about the topic, and provide some sense of closure.

SL.1.1 Participate in collaborative conversations with diverse partners about grade 1 topics and texts with peers and adults in small and larger groups.
SL.1.5 Add drawings or other visual displays to descriptions when appropriate to clarify ideas, thoughts, and feelings.

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.3 Construct viable arguments and critique the reasoning of others.

1.MD.3  Measure lengths indirectly and by iterating length units.
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1.PC Patterns and Cycles

1.PC Patternsand Cycles

Students who demonstrate understanding can:
a

Investigate and compare how some natural events occur quickly and other natural events oc
Q uickly occurring natural events could include rain storms or gusts of wind. Slower events could be the change of seasons,

b. Record and share observations about how some events have cycles; whereas, ot
end. [Clarification Statement: O bsetvationscan be made about cyclessuch as day and night while using stor

slowly. [Clarification Statement:

events have a clear beginning and

d. Analyze and share observations about sunrise and sunset to identify
e. Obtain information and communicate that there are tools that al the sky and in greater

detail. [Clarification Statement: Information can be obtained using telescopes, binocula

and study the moon in greater detail.]

The performance expectations above were dev eloped using the following elements from the NRC decument-A Framework for K-12 Science Education:

Science and Engineering Practices

Planning and Carrying Out Investigations

Planning and carry ing out investigations to answer questionsor
test solutions to problems in K—2 builds on prior experiences and
progresses to simple inv estigations, based on fair tests, which

Crosscutting Concepts

Patterns

Patterns in the natural and human designed word
can be observ ed, used to describe phenomena,
and used as evidence. (b),(c),(d)

Stability and Change
Some things stay the same while other things
change. Things may changeslowly or rapidly. (a)

prov ide data to support explanations or design solutions.
= Make observations and/or measurementsto colle
can be used to make comparisons. (a)

Connections to Engineering, Technology,
and A pplications of Science

experiences. (a)
A nalyzing and Interpreting Data

of Planet Earth
h occurin cy cles, likeday and

Interdependence of Science, Engineering,
and T echnology

observ ations where and othe ha e a beginning and anend, likea | Science and engineering involve the use of tools
= Use observ at|o to observ e and measurethings. (e)
answ er scie ean earthquake, happen very quiddy;
Obtaining, E others, suchas the formation of the Grand Canyon,

occur very slowly, over a time period much longer
than one can observe. (a)

information. (c),(e)
= Critique and communi

othersin oral and/or writt

w riting, or numbers. (c)

Connections to other DCIsin this grade-level: A

A rticulation of DCIs across grade-levels: 4 PSE, 5.SSS

Common Core State Standards Comections: [Note: these connections will be made more explicit and completein future draft releases]

ELA -

RI.1.2 Identify the main topic and retell key details of a text.

RI.1.10 With prompting and support, read informational texts appropriately complex for grade

W.1.2  Write informativ e/explanatory texts in w hich they name a topic, supply some facts about the topic, and provide some sense of closure.
SL.1.5 Adddrawings orother visual displays to descriptions when appropriate to clarify ideas, thoughts, and feelings.

Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.7 Look for and make use of structure.

1.MD.3 Telland write time.
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2.ECS Earth’s Changing Surface

2.ECS Earth’s Changing Surface

Students who demonstrate understanding can:

a. Obtain and communicate information that water exists in different forms within naturaliandscapes and determines the

homes are caves used as shelters, marshes used for nesting grounds.]

The performance expectations above were developed using the following elements from.the NRC document A Framework for k<12 Stience Education:

Science and Engineering Practices

Developing and Using Models
Modeling in K-2 builds on prior experiences and progresses to
include identifying, using, and developing models that represent
concrete events or design solutions.
= Distinguish between a model and the actual object, process, and
events the model represents. (c)
= Compare models to identify common features and differences.
(©
= Develop and use models (i.e., diagrams, drawi
replicas) that represent amounts, relative s
smaller) and patterns. (c)
Planning and Carrying Out Investigation

causes that generate
observable patterns. Simple tests can be
designed to gather evidence to support or
refute student ideas about causes. (a),(b)
Systems and System Models

Objects and organisms can be described in
terms of their parts. Systems in the natural
and designed world have parts that work
together. (d)

solutions to problems in K-2 bunds on prior experi
progresses to simple investi

it is useful to compare designs, test them, and
Obtaining, Evaluati icati i discuss their strengths and weaknesses. (c)
ini icating i i i ETS2.A: Interdependence of Science, Engineering, and
on prior experiences i }echnology

= Observations and measurements are also used in

= Read and comprehend gra i engineering to help test and refine design ideas. (c)
ETS2.B: Interactions of Engineering, Technology,
= Critique and communicat infor ation or design ideas with Science, Society, and the Natural Environment

= Developing and using technology has impacts on the
natural world. (c)

Connections to other DCIs in this ghs(de—/eve/. 2.10S, 2.SPM

Articulation of DCIs across grade-levels: 1.LS, 3.WCI, 3.IF, 4.PSE, 4.E

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RI.2.10 By the end of year, read and comprehend informational texts, including history/social studies, science, and technical texts, in the grades 2—-3 text complexity band
proficiently, with scaffolding as needed at the high end of the range.

W.2.2 Write informative/explanatory texts in which they introduce a topic, use facts and definitions to develop points, and provide a concluding statement or section.

W.2.7 Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a report; record science observations).

SL.2.1 Participate in collaborative conversations with diverse partners about grade 2 topics and texts with peers and adults in small and larger groups.

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.7 Look for and make use of structure.

2.MD.1  Measure and estimate lengths in standard units.
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2.SPM Structure, Properties, and Interactions of Matter

2.SPM Structure, Properties, and Interactions of Matter

Students who demonstrate understanding can:

a. Evaluate natural or designed objects to explain how the properties of the materials suit different purposes. [Clarification
Statement: Examples of materials could be hard turtle shell for protection, soft pillows for comfort.]

b. Collaborate with others to design an object built from a small set of pieces to solve a t

Science and Engineering Practices

Analyzing and Interpreting Data
Analyzing data in K2 builds on prior experiences and progresses to
collecting, recording, and sharing observations.
= Make measurements of length using standard units to quantify
data. (d)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the K-2 level builds on
prior experience and progresses to recognizing that mathematics can
be used to describe the natural and designed world.
= Use standard units to measure and compare the leng
different objects and display the data using simpl
Constructing Explanations and Designing Sol Connections to Engineering,
Constructing explanations and designing solutions i Technology,
prior experiences and progresses to the use of evidence or ideas in and Applications of Science

and Quantity
Relative scalesa objects to be
compared and described (e.g., bigger and
smaller; hotter and colder; faster and
slower). Standard units are used to
measure length. (a),(c),(d)

Energy and Matter

Objects may break into smaller pieces and
be put together into larger pieces, or
change shapes. (b)

9 fuel)(c)

Influence of Engineering,
Technology, and Science, on Society
and the Natural World

Every human-made product is designed by
applying some knowledge of the natural

about investigations. (a)
= Use tools and material

Engaging in Argu

Engaging in argument from evidence in K-2 builds on'prior world and is built by using natural
experiences and progresses to ing i i materials. Therefore, taking natural
about the natural and desi . materials to make things impacts the

= Distinguish arguments that are supported by evidence fro
those that are not. (c)

= Listen actively to others’ arg
clarification. (c)

environment. (b)

ents.and ask questions for

Connections to other DCIs in this grade-level: 2.PP, 2.ECS

Articulation of DCIs across grade-levels; K.SPM, 5.5PM

ELA -

W.2.2 Write informative/explanatory texts-in which they introduce a topic, use facts and definitions to develop points, and provide a concluding statement or section.
W.2.7 Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a report; record science observations).

SL.2.3 Ask and answer questions about what a speaker says in order to clarify comprehension, gather additional information, or deepen understanding of a topic or issue.
Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoning of others.

2.MD.1,4 Measure and estimate lengths in standard units.

2.MD.9,10Represent and interpret data.

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]
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2.10S Interdependence of Organisms and Their Surroundings

2.10S

Interdependence of Organisms and Their Surroundings

Students who demonstrate understanding can:

a. Construct a representation in which plants and animals depend on their environment and each other to meet their needs.
[Assessment Boundary : Needs to be limited to food, water, shelter, and a fav orable temperature for animals; light, water, and soil for plants.]

b. Ask questions to clarify ideas about how plants may depend on animals for pollination or to.inove their seeds around.

c¢. Plan and carry out investigations to test whether plants from different settings have different iieeds for water, sunlig ht,
and type of soil. [Clarification Statement: Examples of different settings could be a sunny vs. shady area or a gardenvs. a parking lot.]

d. Observe and compare the many kinds of living things that are found in different 2reas. Clalification Statement: Examples of different

areas could be salt vs. fresh water or desert vs. woodland.]

e. Analyze a representation of a particular habitat showing the locations and shapesof both land and water features of that

habitat and communicate how the land and water support animals and piants.{Clarification Statements_Exatqples could include plants and
animals in the school yard, a park, a pond, a terrarium, or an aquarium.]

f. Construct an explanation about the effect of environmental changés — whether slow or rapid — on.the'survival of plants
and animals that live there. [Clarification Statement: Examples of slow or rapid environmental changes could’be droughts or floods. ]

g. Obtain and communicate information that some kinds of animals and plants that oncellived on Earth are no longer found
anywhere, although others living now may resemble them:. [Clarification Statement:Examples elephants w hich resemble mammaths or tigers w hich

resemble saber-tooth cats.]

The performance expectations above were developed using the following\elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

A sking Questions and Defining Problems
Asking questions and defining problems in grades K-2 builds_si1 prior
experiences and progresses to simple descriptive questions” that can be
tested.
= Ask questions about observ ations of the natural world. (b)
Planning and Carrying Out Investigations
Planning and carrying out inv estigations to answ er questions. or test
solutions to problems in K—2 builds on prior experiences'and progresses
to simple inv estigations, based on fairtests, which provide datato
support explanations or design-solutions.
= Planand carry out inv.estigations collaborativ ely . (€)
= Make observationsand measurements to coliect data which can be
used to make comparisens. (c)
= Identify questions and make predictions based on prior
experiences. (c)
A nalyzing and Interpreting Data
Analy zing data in K-2 builds on prior experiences and progresses to
collecting, recording, and sharing observ ations.
= Useand share pictures, drawings, and writings of observ ation
w here appropriate. (d),(e)
= Use observ ations to note patterns and relationships in order to
answer scientific questions. (d)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the K=2 lev el builds on
prior experience and progresses to recognizing that mathematics can
be used to describe the natural and designed world.
= Decide when to use qualitativ e vs. quantitative data. (c)
Constructing Explanationsand Designing Solutions
Constructing explanations and designing solutions in K—2 builds on prior
experiences and progresses to the use of evidence or ideas in
constructing explanations and designing solutions.
= Useinformation from observ ations to construct explanations about
inv estigations. (f)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in K—2 builds on
prior experiences and uses observ ations and texts to communicate new
information.
= Read and comprehend grade-appropriate texts and use other
reliable media to acquire scientific information. (g)
= Critique and communicate information with others in oral and
written forms using models or drawings. (a)
= Record observations, thoughts, and ideas. (g)

LS2.A: InterdependentRelationships in Ecosystems
= Animals depend on their surroundings to get what they
need, including\food, water, shelter, and a favorabie
temperature. Animals depend on-plants or other-animals for
food. (@)
= |Plants depend on air,”water, minerals (in-the soil), and light
to grow. (b)
=/ Animals can mgv e around, but plants cannot, and they often
depend on animals far pollination or to mov e their seeds
around.-(b)
- Different plants-survive better in different settings because
they have variedieeds for water, minerals, and sunlight. (c)
LS2.B: Cyclesof Matter and Energy Transferin
Ecosystems
= Organisms obtain the materials they need to grow and
survive from the environment. Many of these materials
come from organisms, and are used again by other
organisms. (a)
LS2.C: Ecosystem Dynamics, Functioning, and Resilience
= The places where plants and animals live often change,
sometimes slowly and sometimes rapidly . (f)
= When animals and plants get too hot or too cold, they may
die. If they cannot find enough food, water, or air, they may
die. (f)
LS4.A: Evidence of Common Ancestry and Diversity
= Some kinds of plants and animals that once lived on Earth
(e.g., dinosaurs) are no longer found any w here, although
others now living (e.g., lizards) resemble them in some
ways. (9)
LS4.C: Adaptation
= Living things can survive only where their needs are met. If
some places are too hot or too cold or have too little water
or food, plants and animals may not be able to live there. (f)
LS4.D: Biodiversity and Humans
= There are many different kinds of living things in any area,
and they exist in different places on land and in water. (d)
ESS2.B: Plate Tectonics and Large-Scale System
Interactions
= Rocks, soils, and sand are present in most areas w here
plants and animals live. There may also be riv ers, streams,
lakes, and ponds. Maps show w here things are located. O ne
can map the shapes and kinds of land and waterin any
area. (e)

Crosscutting Concepts

Scale, Proportion,and Quantity
Relativ e scales allow objects to be
compared and described (e.g., bigger
and smaller; hotter and colder; faster
and slower). Standard units are used
to measure length. (c),(d),(e)
Stability and Change

Some things stay the same w hile other
things change. Things may change
slowly orrapidly. (f),(g)

Connections to other DCIs in this grade-level: 2.ECS

A rticulation of DCIs across grade-levels: 1.SF,3.EI0, 4.PSE, 5.MEE

Common Core State Standards Connections:[Note: these connections will be made more explicit and complete in future draft releases]

ELA -
RI.2.10
proficiently, with scaffolding as needed atthe high end of the range.
W.2.2
SL.2.1
Mathematics —
MP.2 Reason abstractly and quantitatively .
MP.3 Construct viable arguments and critique the reasoning of others.

2.MD.1,4 Measure and estimate lengths in standard units.
2.MD.10 Represent and interpret data.

By the end of year, read and comprehend informational texts, including history /social studies, science, and technical texts, in the grades 2-3 text complexity band

Write informativ e/explanatory texts in which they introduce a topic, use facts and definitions to develop points, and provide a concluding statement or section.
Participate in collaborative conv ersations with div erse partners about grade 2 topics and texts with peers and adults in small and larger groups.
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2.PP Pushes and Pulls

2.PP Pushes and Pulls

Students who demonstrate understanding can:
a. Investigate the effect of pushes and pulls in different directions on the resulting motion of object
Simultaneous pushes and pulls to be along a single line; pushes and pulls to be between objects in contact. Students not to be assessed onquantitative relationships.]
b. Investigate the effect of pushes and pulls of different strengths on the resulting motion of objects: [Assessment Boundary:
Simultaneous pushes and pulls to be along a single line; pushes and pulls to be between objects in contact. Students not to be ass€ssed omquantitative relationships.]

c. Construct an explanation for why an object subjected to multiple pushes and pulls mig in one place or move.
[Assessment Boundary: Pushes and pulls should be between objects in contact]

d. Analyze data to determine the relationship between friction and the motion of ol ication Statement: The data analyzed

» [Assessment Boundary:

Crosscutting Concepts

Cause and Effect

Events have causes that generate observable
patterns. Simple tests can be designed to gather
evidence to support or refute student ideas about
causes. (a),(b),(d),(e),(9)

Stability and Change

Some things stay the same while other things
change. Things may change slowly or rapidly. (c)

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer
questions or test solutions to problems in K-2 builds on
prior experiences and progresses to simple
investigations, based on fair tests, which provide da
support explanations or design solutions.
= Plan and carry out investigations collaboratively..(g)
= Evaluate different ways of observing an attribute
interest. (g)
= Make observations to collect
to make comparisons. (a); i ide, they push on one another and Connections to Engineering, Technology,
= Identify questions a c a i (g and Applications of Science

er an object stays st| or moves often depends on the Influence of Engineering, Technology, and
prior experiences and effects of multiple pushes and pulls on it (e.g., multiple players Science on Society and the Natural World
g, and sharing tryinig to pull an object in different directions). It is useful to Every human-made product is designed by
investigate what pushes and pulls keep something in place (e.g., | applying some knowledge of the natural world
siope, a ladder leaning on a wall) as well as what and is built by using natural materials. Therefore,
makes something change or move. (c) taking natural materials to make things impacts
S3.C: Relationship Between Energy and Forces the environment. (f)
= A bigger push or pull makes things go faster. Faster speeds
during a collision can cause a bigger change in shape of the

Analyzing data in K-2

progresses to collecting,
observations.

= Use and share pictures,

observation where appropri

= Use observations to note rel

answer scientific questions an

(d).(e)

Constructing Explanations and Designing colliding objects. (b),(g)
Solutions PS3.D: Energy in Chemical Processes and Everyday Life
Constructing explanations and designing sclutions-in K—2 = When two objects rub against each other this interaction is
builds on prior experiences and progresses e use of called friction. Friction between two surfaces can warm both of
evidence or ideas in constructing explanations and them (e.g., rubbing hands together). There are ways to reduce
designing solutions. the friction between two objects. (d),(e),(f)
= Use information from observations to construct ETS1.A: Defining Engineering Problems
explanations about investigations. (c),(f) = A situation that people want to change or create can be
= Use tools and materials provided to design a solution approached as a problem to be solved through engineering.
to a specific problem. (f) Such problems may have many acceptable solutions. (f)

Connections to other DCIs in this grade-level: 2.SPM

Articulation of DCIs across grade-levels: 1.SF, 3.IF, 4.E

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

W.2.2 Write informative/explanatory texts in which they introduce a topic, use facts and definitions to develop points, and provide a concluding statement or section.
W.2.7 Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a report; record science observations).

SL.2.1 Participate in collaborative conversations with diverse partners about grade 2 topics and texts with peers and adults in small and larger groups.

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.3 Construct viable arguments and critique the reasoning of others.

2.MD.10 Represent and interpret data.
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3.WCI Weather, Climate, and Impacts

3.WCI Weather, Climate, and Impacts

Students who demonstrate understanding can:
a. Use mathematics and computational thinking to observe and record local weather data over time using standard units.
[Clarification Statement: Examples of weather data to observeincludes temperature, precipitation, wind speed, or wind direction. Students should use standards units such as
degrees and centimeters pery ear.]
b. Analyze and interpret weather data to identify day-to-day variations as well as long-term patterits.
Examples of w eather data could include maps and forecasts. Studentsshould address climatein terms of long term patterns.]
c. Obtain information about different climatic areas to predict typical weather conditions e

Clarification Statement:

ctedin a particular seasonin

each of the areas, rather students should be able to predict ty pical conditions based on a set of information.]

d. Obtain and evaluate information about a variety of weather-related hazards th ral processes, as well as
their environmental and societal impacts. [Clarification Statement: Examples of natural pr: her, floods, or coastal erosion.]
[Assessment Boundary: Natural hazards limited to weather-related hazards. ]

e. Collaboratively design, compare, and refine solutions that reduce the i i impact of a weather-
related hazard. [Clarification Statement: Examples of solutions to w eather-related hazards could i i ding or phy sical models of

Science and Engineering Practices

A nalyzing and Interpreting Data
Analyzing datain 3-5 builds on K-2 and progresses to
introducing quantitativ e approaches to collecting data and
multiple trials of qualitativ e observations.
= Compare datacollected by different groups in order to
discuss similarities and differences in their findings. (b)
= Use data to evaluate and refine design solutions. (e) > _______________________
Using Mathematics and Computational Thinki
Mathematical and computational thinking at the 3 Connections to Engineering, Technology,
builds on K-2 and progresses to extending quantitative .B: | S and A pplications of Science

Crosscutting Concepts
\

Patterns

Similarities and differences in patterns can be used
to sort, classify, and analyze simple rates of change
for natural phenomena and designed products.

Cy dlic patterns of change related to time can be
used to make predictions. (b),(c)

computation and mathematics to analyze data and com
alternativ e design solutions.
= Use mathematical thlnkl

solutions to an engine

Interdependence of Science, Engineering,
and T echnology
Science and technology support each other. Tools
and instruments are used to answ er scientific
questions, w hile scientific discoveries lead to the
i dev elopment of new technologies. (a)

= Use standard units to measure area, volume, weig Influence of Engineering, Technology, and

temperature. (a) e Science on Society and the Natural World
Obtaining, Evaluating, People’s needs and wants change over time, as do
Information their demands for new and improved technologies.
O btaining, evaluating, and col Engineers improve existing technologies or develop

builds on K-2 and progresses to ev aluati i new ones to increase their benefits, decrease
accuracy of ideas and methods know n risks, and meet societal demands. When
= Compare and synthesize across texts and other new technologies become available, they can bring
media to acquire generate appropriate scientif: about changes in the way people liveand interact

information. (c)
= Sy nthesize information in w ritten text
in corresponding tables, diagrams, and
= Generate and communicate scientific information orally
and in written formats using variousforms of media, and
may include tables, diagrams, and charts. (c)
= Use models to share findings or solutions in oral or
w ritten presentations, or extended discussions. (d)

with one another. (d),(e)

Connections to other DCIsin this grade-level:N A

A rticulation of DCIs across grade-levels: K.WEA, 2.ECS, 4.LCT, MS.ESS-WC

Common Core State Standards Comections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

Consider adding RI1.3,4,5,8

RI.3.3 Describe the relationship between a series of historical events, scientific ideas or concepts, or steps in technical procedures in a text, using language that pertains to time,
sequence, and cause/effect.

RI.3.9 Compare and contrastthe mostimportantpoints and key details presented in tw o texts on the same topic.

RI.3.10 By the end of the year, read and comprehend informational texts, including history/social studies, science, and technical texts, at the high end of the grades 2-3 text

SL.3.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 3 topics and texts, building on others’
ideas and expressing their own clearly.

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.7 Look for and make use of structure.

3.MD.1,2 Solve problems involving measurement and estimation of intervals of time, liquid volumes, and masses of objects.

3.MD.3 Representand interpret data.
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3.EIO Environmental Impacts on Organisms

3.EI0 Environmental Impacts on Organisms

Students who demonstrate understanding can:

a. Obtain, evaluate, and communicate information about the types of habitats in which organisms live, and ask questions
based on that information. [Clarification Statement: Examples of habitats could be ponds, woods, grasslands, or deserts. Q uestions could include how changes in

habitats affect the organisms living there.]

b. Obtain, evaluate, and communicate information that in any particular environment, some Kinds of organisms survive well,
[Clarification Statement: Anexample could b€ that plants that require a lot of water would not

some survive less well, and some cannot survive at all.

survive wellin a desert.]

c. Analyze data to describe how humans, like all other organisms, obtain living and-non-living resources from their

environment.

[Clarification Statement: Examples of living and non-living resources could include minerals;

food, and energy . ]

d. Use models to evaluate how environmental changes in a habitat affect the number and types of arganisms that live there;

some remain, move in, move out, and/or die. [Clarification Statement: Examples-f envirefimental changes could be'‘extra Waterin a normally dry area,
pollution, or fire. Anexample of how environmental changes can affect organisms could be the effécts of adecrease in grass on a rabbit population.]

e. Use evidence to argue that some changes in an organism'’s habitat cankbe beneficial or harmful to the organism.

f. Obtain and communicate information about the characteristics of groups of orgaitiisms and evaluate how groups help
organisms survive. [Clarification Statement: The characteristics of organisms students should address ar€ composition, organization, specialization, and stability .
Examples of how groups help organisms survive could be worker bees supply ingfodd and queens reprogucing; femalelions in a pride hunting and malespatrolling the territory, or
human families caring for children.] [Assessment Boundary : Detailed structufe of sociahinsect societies net to be iricluded.]

g. Use data about the characteristics of organisms and habitats te design an artificial habitat in which the organisms can

survive.

The performance expectations above were developed using the following\elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Pra

A sking Questions and Defining Problems
Asking questions and defining problems in grades-3-5 builds from grades K-2
experiences and progresses to specify ing qualitativ e relationships.
= Ask questions based on careful observ ations of phenomena and
information. (a)
Developing and Using Models
Modeling in 3-5 builds on K-2-imodels and progresses to huilding aid revising
simple models and using models to represent events and design solutioris:
= Use simple models-to describe phenomena.and test cause and effect
relationships cahcerning the functioning of a naturai. or designed sy stem.
(d)
A nalyzing and Interpreting Data
Analy zing data in K-2 builds on prior experiences and progresses to collecting,
recording, and sharing observ atians.
= Display datain tables and graphs, using digital tools when feasible, o
rev eal patterns that indicate relationships (c)
Constructing Explanationsand Designing Solutions
Constructing explanations and designing solutions in“3-5 builds on prior
experiences in K-2 and progresses to the use of evidence in constructing
multiple explanations and designing multiplesolutions:
= Useevidence (e.g., measurements, ‘observ aticiis, patterns) to construct a
scientific explanation or solution to a problem. (g)
= Apply scientific know ledge to solve design problems. (g)
Engaging in Written and Oral Argument from Evidence
Engaging in argument from evidence in 3-5 builds from K-2 experiences and
progresses to critiquing the scientific explanations or solutions proposed by
peers by citing relevant evidence about the natural and designed world.
Construct and/or support scientific arguments drawing on evidence, data,
or a model. (e)
= Compare and refine multiple arguments based on the strengths and
w eaknesses of the evidence supporting the argument. (e)
= Respectfully provide and receiv e critique on the scientific arguments
proposed by peers by citing relevant evidence and making logical
arguments. (e)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in 3-5 builds on K-2
and progresses to evaluating the merit and accuracy of ideas and methods.

= Compare and sy nthesize across texts and other reliable media to acquire
and generate appropriate scientific information. (a),(b),(f)

= Generate and communicate scientific information orally and in written
formats using v arious forms of media, and may include tables, diagrams,
and charts. (a),(f)

= Use models to share findings or solutions in oral presentations, written
presentations, and extended discussions and ev aluate the merit and
accuracy of ideas and methods. (d)

LS2.C: Ecosystem Dynamics, Functionirig, and
Resilience

When the environment changes irfway s that
affect a piace’s phy sical characteristics,
temperature, or availability of resources, some
organisms survive and reproduce, others move
to new \locations, y et others mov e into the
transformed environment, and some die. (b),(g)

LS2.D: Social Interactionsand Group
Behavior

Groups can be collections of equal individuals,
hierarchies with dominant members, small
families, groups of single or mixed gender, or
groups composed of individuals similar in age.
Some groups are stable overlong periods of
time; others are fluid, with members movingin
and out. Some groups assign specialized tasks to
each member; in others, all members perform
the same or a similar range of functions. (e),(f)

LS4.C: Adaptation

Changes in an organism’s habitat are sometimes
beneficial to it and sometimes harmful. Forany
particular environment, some kinds of organisms
survive well, some survive less well, and some
cannot survive atall. (b),(d),(e),(g)

LS4.D: Biodiversity and Humans

Populations of organisms live in a variety of
habitats, and change in those habitats affects
the organisms living there. (a),(b)

Humans, like all other organisms, obtain living
and nonliving resources from their environments.

(©)

Crosscutting Concepts

Cause and Effect

Cause and effect relationships are routinely
identified, tested, and used to explain
change. Eventsthat occur together with
regularity might or might not be a cause and
effect relationship. (d),(f)

Systems and System Models

A system is a group of related parts that
make up a whole and can carry out functions
its individual parts cannot. A system can be
described in terms of its components and
their interactions. (a),(b),(c),(e)

Connections to Engineering, Technology,
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Overtime, people’s needs and wants change,
as do their demands for new and improved
technologies. Engineers improv e existing
technologies or develop new ones to increase
their benefits, to decrease know n risks, and
to meet societal demands. When new
technologies become available, they can
bring about changes in the way people live
and interact with one another. (g)
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3.EIO Environmental Impacts on Organisms

3.EIO0 Environmental Impacts on Organisms (continued)

Connections to other DCIs in this grade-level: 3.SFS

A rticulation of DCIs across grade-levels: 1.SF, 2.10S, MS.LS-NSA, MS.LS-IRE

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RI.3.10 By theend of the year, read and comprehend informational texts, including history /social studies, science, and technical texts, at the hig
complexity band independently and proficiently .

W.3.2 Write informativ e/explanatory texts to examine a topic and conv ey ideas and information clearly .

SL.3.1  Engage effectively inarange of collaborativ e discussions (one-on-one, in groups, and teacher-led) with diverse partners on gr.
and expressing their own clearly .

SL.3.4  Report on atopic or text, tell a story, or recount an experience with appropriate facts and relevant, descriptiv e details

Mathematics —

MP.2 Reason abstractly and quantitatively .

MP.3 Construct viable arguments and critique the reasoning of others.

d of the grades 2-3 text

ics and texts, building on others’ ideas

at an understandable pace.

3.MD.3 Represent and interpret data.
l ! ’
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3.SFS Structure, Function, and Stimuli

3.SFS  Structure, Function, and Stimuli \

Students who demonstrate understanding can:
a. Investigate and explain how internal and external structures in plants serve functions

reproduction. [Clarification Statement: Examples of internal and external structures could include roots, thorns, or
understanding the macroscale systems and their function, not microscopic processes. ]

, survival, behavior, and
[Assessment Boundary: Emphasis on

b. Construct explanations of how structures in animals serve functions of growt ! ion, and behavior.
[Clarification Statement: Examples of internal and external structures could include heart, teeth, bones, brains orskin.] [AssessmentBoundary: Emphasis on
understanding the macroscale systems and their function, not microscopic processes. ]

c. Design a device that replaces an external structure and analyze data are alternative
solutions to the problem. [Clarification Statement: Examples could include designing srutch lace a leg and testing the strength of different
models or designing a grabber to replace a hand and testing its effectiv eness.]

d. Use observations and models to design a simple process to classify plants based on their structures. [Clarification
Statement: Examples of categories of classification could be plants that make flow g at make nelther vertebrates haye backbones,
mammals have hair, insects havesix legs, or birds hav e feathers.] [A ssessme : : ified but not use a
classification chart.]

e. Obtain information that animals have structures that al o} o stimuli through instinct or memory.
[Clarification Statement: Examples of structures could be eyes, ears, or brain. Examp ing to stimulicould\be running from danger or learning the alphabet.]
f. Investigate and explain that for an object to be seen, lig I object and enter the eye. [Clarification

Statement Examples of investigations could include stu ight i . dary: Emphasis on understanding the phenomenon
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the available light sources as well as
the properties of the surface of the ¢bj i i ificati : Examplesof inv estigations could be illuminating objects with

different colors of light or illuminating objects that have different su dary: This phenomenon is observed, but no attempt is made to discuss w hat
confers the color reflection and absorption propetties oha surface. ]
ence and Enginee Crosscutting Concepts
Developingand Using Mcdels Jne Cause and Effect
Modeling in K-2 builds ori'prior ex; seen w hen light reflected from its Cause and effect relationships are
identify ing, using, and develeping models that represent concreteeven e ey es; the color people see depends routinely identified, tested, and used to
or design solutions. on the color of the available light sources aswell asthe | explain change. Events that occur together
= Use simple models to.describe phenomena concerning th properties of the surface. (f),(g) with regularity might or might not be a
functioning of a natura S1.A: Structure and Function cause and effect relationship. (f),(g)
Planning and Carrying Out Inve = Plants and animals have both internal and external Structure and Function
Planning and carry ing out investigatio structures that serv e v arious functions in grow th, Different materials have different
solutions to problems in 35 builds on K—2 experiences and progresses to survival, behavior, and reproduction. (a),(b),(c) substructures, w hich can sometimes be
include inv estigations that control variabies and provide eviderice to LS1.D: Information Processing observ ed. Substructures have shapes and
support explanations or design solutions. = Different sense receptors are specialized for particular parts that serv e functions. (a),(b),(e)
= Make observations, collect appropriate data, andidentify patterns kinds of information, w hich may be then processedand | _ __ __ __ ____ __ __ ________
that provide evidenceto explain a phenomenon or test a design integrated by the animal’s brain, with some information
solution. (a),(d),(f),(@) stored as memories. Animals are able to use their Connections to Engineering,
Using Mathematics and Computational Thiziking perceptions and memories to guide their actions. Some Technology,
Mathematical and computational thinking at the 3-5 level builds on K-2 responses to information are instinctive—that is, and A pplications of Science
and progresses to extending quantitative measurementsto a v ariety of animals’ brains are organized so that they do not have
phy sical properties and using computation and mathematics to analyze to think about how to respond to certain stimuli. (e) Influence of Engineering,
data and compare alternative design solutions. LS4.D: Biodiversity and Humans Technology, and Science on Society
= Use mathematical thinking and computational outcomes to compare = Scientists hav eidentifiedand classified many plantsand | and the Natural World
alternativ e solutions to an engineering problem. (c) animals. (d) People’s needs and wants change over
Constructing Explanations and Designing Solutions time, as do their demands for new and
Constructing explanationsand designing solutions in 3—5 builds on prior improv ed technologies. Engineers improve
experiences in K—2 and progresses to the use of evidence in constructing existing technologies or dev elop new ones
multiple explanations and designing multiple solutions. to increase their benefits, decrease known
= Use evidence (e.g., measurements, observations, patterns) to risks, and meet societal demands. When
construct a scientific explanation or solution to a problem. (b),(c),(d) new technologies become available, they
= Apply scientific knowledge to solve design problems. (c),(d) can bring about changes in the way peope
Obtaining, Evaluating, and Communicating Information live and interact with one another. (c),(d)
O btaining, evaluating, and communicating information in 3=5 builds on
K-2 and progresses to ev aluating the merit and accuracy of ideas and
methods.
= Compare and synthesize across texts and other reliable media to
acquire appropriate scientific information. (e)

Connections to other DCIsin this grade-level: 3.EIO

A rticulation of DCIs across grade-levels: 1.LS, 1 .SF, 5.SSS, MS.LS-SFIP, MS.LS-IRE

Common Core State Standards Comections: [Note. these connections will be made more explicit and complete in future draft releases]

ELA -

RI.3.10 By the end of the year, read and comprehend informational texts, including history/social studies, science, and technical texts, at the high end of the grades 2-3 text
complexity band independently and proficiently.

W.3.2  Write informativ e/explanatory texts to examine a topic and convey ideas and information clearly.

SL.3.4 Reporton a topicor text, tell a story, or recount an experience w ith appropriate facts and relevant, descriptive details, speakingclearly at an understandable pace.

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.3 Construct viable arguments and critique the reasoningof others.

MP.7 Look for and make use of structure.

3.MD.1,2 Solve problems invalving measurement and estimation of intervals of time, liquid volumes, and masses of objects.

3.MD.3 Representand interpret data.
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3.IF Interactions of Forces

3.IF Interactions of Forces

Students who demonstrate understanding can:

a. Investigate the moti_on of object_s to detel_'mine o_bser_va_lbl_e and_ measurable patterns to p_redi
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to be addressed as a force that pulls objects down.]
C. Use models to explain the effects of balanced and unbalanced forces o

d. Investigate the forces between two or more magnets to identify pattern
strength of attraction and distance, attracting or repelling based on orientation.]
e. Investigate the push-and-pull forces between objects not in contact with\one an

f. Design and refine solutions to a problem by using magnets t
Statement: Examples of solutions could be to movea metal object through a maze b build

future motions. [Clarification

: Examples of objects
assessed. Assessment

The performance expectations above were dev eloped using the follow'ing elements from the NRC Hocum\ent A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 3-5 builds on K—2 models and progresses
to building and rev ising simple models and using
models to represent ev ents and design solutions.
= Construct a model using an analogy, example, ar
abstract representation to explain a scientific
principle or design solution. (c)
= Use simple models to descri

= Make observations, collect appr
identify patterns that provide evi
a phenomenon. (b),(d)
= Formulate questions and predict reascnabl
outcomes based on patterns such as ca
effect relationships. (a)
Constructing Explanations and Designing
Solutions
Constructing explanationsand designing solutions in
3-5 builds on prior experiences in K-2 and progresses
to the use of evidence in constructing multiple
explanations and designing multiple solutions.
= Apply scientific knowledge to solve design
problems. (f)

and

PS2.C: Stability and Instability in Physical Systems

= /A systemcan change as it movesin one direction (e.g., a ball rolling down
a hill), shift back and forth (e.g., a swinging pendulum), or go through

cy clical patterns (e.g., day and night). (a)

= Examining how the forces on and within the system change as it moves

can help explain a sy stem’spatterns of change. (b)

= A systemcan appear to be unchanging w hen processes within the system
are going on at opposite but equal rates (e.g., water behind a dam isata
constant height because w ater is flow ing in at the same rate that water is

flowing out). (c)

= Changes can happen very quickly or very slowly and are sometimes hard
to see (e.g., plant growth). Conditions and properties of the objects within
a sy stem affect how fast or slowly a process occurs (e.g., heatconduction

rates). (c)

ETS2.A: Interdependence of Sdence, Engineering, and Technology
= Scientific discov eries about the natural world can often lead to new and
improv ed technologies, w hichare developed through the engineering

design process. (f)

Crosscutting Concepts

Patterns

Similarities and differences in patterns can
be used to sort, classify, and analyze
simple rates of change for natural
phenomena and designed products. Cyclic
patterns of change related to time can be
used to make predictions. (a),(d),(e)
Systems and System Models

A systemis a group of related parts that
make up a w hole and can carry out
functions its indiv idual parts cannot. A

sy stem can be described in terms of its
components and their interactions. (c)
Stability and Change

Change is measuredin terms of
differences ov er timeand may occur at
different rates. Some systems appear
stable, but ov er long periods of time will
eventually change. (b)

Connections to Engineering,
Technology,
and A pplications of Science

Interdependence of Science,
Engineering,and Technology

Science and technology support each
other. Tools and instruments are used to
answ er scientific questions, while scientific
discov eries lead to the development of
new technologies. (f)

Connections to other DCIs in this grade-level: N /A

A rticulation of DCIs across grade-levels: 1.LS, 2 .PP, 2.ECS, 4.WAV, 5.SSS, MS.PS-FM, MS.PS-IF

Common Core State Standards Comections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RI.3.3 Describe the relationship between a series of historical events, scientific ideas or concepts, or steps in technical procedures in a text, using language that pertains to time,

sequence, and cause/effect.

SL.3.1 Engage effectively in a range of collaborative discussions (one-on-ore, in groups, and teacher-led) with diverse partners on grade 3 topics and texts, building on others’

ideas and expressing their own clearly.

SL.3.3 Askandanswer questions about information from a speaker, offering appropriate elaboration and detail.

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoningof others.
3.MD.1 Solve problems invoving measurement and estimation of intervals of time.
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4.LCT Life Cycles and Traits

4.LCT  Life Cycles and Traits

Students who demonstrate understanding can:
a. Investigate the life cycles of plants and animals to compare similarities and differences among organisms. [Clarification
Statement: Examples of organisms to compare could be flowering plants, butterflies, and frogs.] [Assessment Boundary: Reproduction is addressed as part of the process —
birth, grow th, development, reproduction, death — and the different ways organisms go through the process.]

b. Use evidence to compare characteristics inherited from parents, characteristics caused by the environment, and those

Boundary : The mechanisms of inheritance are not to be included.]
c. Provide evidence that offspring can inherit different information from their pare

The genetic mechanismsof inheritance are not to be included.]
d. Obtain and communicate information about different versions of the s

Examples of v ariation in a trait across indiv iduals of the same kind of organism could be di
The genetic mechanismsof inheritance are not to be included.]

that is used in cultiv ation.]
ave been used to inspire technology that

meets societal needs. [Clarification St :_Students could identi
v ests, camouflage fatigues, Velcro.] [Asses: t Boundary: "M echanisms of produiction n . Focus is on utility only.]

The performance expectations above w ere-developed

prior experiences in
constructing multiple e
= Useevidence (e.g.,

(b),(e), (), (9)
Engaging in Argument fro
Engaging in argument from evid
experiences and progresses to critiGuing t e scientific explanations
or solutions proposed by peers by citing relevant evidence about the
natural and designed world.

= Support scientific arguments drawing on evidence, data, ora
model. (c)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in 3-5 builds
on K-2 and progresses to ev aluating the merit and accuracy of ideas
and methods.
= Compare and synthesize across texts and other reliable media to
acquire and generate appropriate scientific information.
(d).(9),(h)
= Generate and communicate scientific information orally and in
w ritten formats using v arious formsof media and may include
tables, diagrams, and charts. (d),(h)

LS1.B: Growth and Development of Organisms
= Reproduction is'essential to the continued existence of
ev ery kind of organism. Plants and animals have unique
a iv erse life cy cles that include being born (sprouting in

plants), g , developing into adults, reproducing, and
eventually dying. (@)
LS3.A: Inheritance of Traits

= Many characteristics of organismsare inherited from their
parents. O ther characteristics result from individuals’
interactions with the environment, which can range from
diet to learning. Many characteristics involve both
inheritance and environment. (b)
LS3.B: Variation of Traits
= Offspring acquire a mix of traits from their biological
parents. Different organisms vary in how they look and
function because they have different inherited information.
In each kind of organism there is v ariation in the traits
themselv es, and different kinds of organisms may have
different v ersions of the trait. (c),(d),(e)
= The environment also affects the traits that an organism
dev elops—differences in w here they grow or in the food
they consume may cause organisms that are relatedto
end up looking or behav ingdifferently. (b)
LS4.B: Natural Selection
= Sometimes the differencesin characteristics between
individuals of the same species provide advantages in
surviving, finding mates, and reproducing. (f),(h),(g)
ET S2.B: Interactions of Engineering, Technology,
Science, Sodety, and the Natural Environment
= Overtime, people's needs and w ants change as do their
demands for new and improved technologies. (h)

g
ing the following elements from-the NRC document A Framework for K-12 Science Education:
1z

Crosscutting Concepts

Patterns

Similarities and differences in patterns can
be used to sort, classify, and analyze simpe
rates of change for natural phenomena and
designed products. Cyclic patterns of
change related to time can be used to make
predictions. (a),(e)

Cause and Effect

Cause and effect relationships are routinely
identified, tested, and used to explain
change. Events that occur together with
regularity might or might not be a cause
and effect relationship. (b),(c),(d), (f)

Connections to Engineering, Tedhnology]
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

People’s needs and wants change over time,
as do their demands for new and improved
technologies. Engineers improve existing
technologies or dev elop new ones to
increase their benefits, decrease known
risks, and meet societal demands. When
new technologies become available, they
can bring about changes in the way people
live and interact with one another. (g),(h)

Connections to other DCIsin this grade-level: 4.PSE

A rticulation of DCIs across grade-levels: 1.SF, 2.ECS, 2.10S, 4.PSE, 5.ESI, MS.LS-GDRO

Common Core State Standards Comections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -
RI.4.10
proficiently , with scaffolding as needed at the high end of the range.
W.4.2  Write informativ e/explanatory texts to examine a topic and convey ideas and information clearly.
SL4.1
ideas and expressing their ow n clearly.
SL.44

themes; speak clearly at an understandable pace.
Mathematics —
MP.3
MP.7 Look for and make use of structure.
3.MD.3 Representand interpret data.

Construct viable arguments and critique the reasoning of others.

By the end of y ear, read and comprehend informational texts, including history/social studies, science, and technical texts, in the grades 4-5 text complexity band

Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 4 topics and texts, building on others’

Report on a topic or text, tell a story, or recount an experience in an organized manner, using appropriate facts and relevant, descriptive details to support main ideas or
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4.PSE Processes that Shape the Earth

4.PSE  Processes that Shape the Earth

Students who demonstrate understanding can:
a

Ask testable questions about the effects of moving water on the rate of erosion‘under various conditions and plan and

carryout investigations to observe and document the effects. [Clarification Statemefit: Examples of variables to test could be angle of slope, amount

of vegetation, or volume of flow.] [Assessment Boundaty:

Ratios should not be included in quantitative analysis. ]

Obtain and communicate information about how patterns in tree rings ayid ice’cores are'used as evidence to describe the

recent history of Earth’s climate. [AssessmentBoundary: Students not to be assessed’on their understanding of deeptime. ]

Use evidence to explain how the physical characteristics of local areas are affected by the processes of weathering and

erosion, including the activities of living organisms. [Clarification Statefnent: £ xamplesof activities of living.organisms could be tree planting, beaver

dams, or human-built dams and w aterways.]

today and types of organisms that lived i

n the past.

Use evidence to construct an explanation that some rocks and minérals are formed from the remains of organisms.
Use evidence from the fossil record to construct an explanation for the relationship between types of organisms living

f. Use evidence to construct explanations for how environments today may be different from past environments in which
fossilized organisms once lived. [Clarification Statement: Examples of evidence of environfients that have changed could be seashell fossils found on mountains

or petrified wood found in deserts.]

Obtain information about the locations of a variety of Earth’s-features and map the geographic patterns that emerge.

[Clarification Statement: Examples of features could be v olcanoes and eatthquakesthat aré eften found at the boundaries of continentsand the ocean floor or major mountain

chains that often form near the edges of continents.]

Analyze maps and other data to determine the likelihood\ of geoicgical hazards-occurring in an area and evaluate the

possible effects on landforms and organisms. [AssessmentBolndary: Resultsef analysis-and evaluation are qualitative. ]

hazards.

i. Construct models, based on research;to test and refine\varioxs design solutiorns for reducing the impacts of geological

The performance expectations abov e were dev elo

ped-using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices < |

A sking Questions and Defining Problems
A sking questions and defining problemsin grades 3-5 builds
from grades K—2 experiences and progresses to specifying
qualitativ e relationships.
= Identify scientific (testable)and non-scientific questions.
(@)
Developingand Using Models
Modeling in 3-5 builds.on K-2'models and progresses ta
building and revising simple models and using models to
represent ev ents and design solutions.
= Construct and revise models coilaboratively to measure
and explain frequent and regular ev.ents. (g)
= Construct a model using an analogy, example, or abstract
representation to explain a scientific principle. (i)
= Use simple models to describe phenomenaand test cause
and effect relationships concerning the functiening of a
natural or designed sy stem. (i)
= Identify limitations of models. (i)
Planning and Carrying Out Investigations
Planning and carry ing out investigations to answer questionsor
test solutions to problems in 3-5 builds on K—2 experiences
and progresses to include inv estigations that control v ariables
and prov ide evidence to support explanations or design
solutions.
= Planand carry out inv estigations collaboratively, using fair
tests in w hich v ariables are controlledand the number of
trials considered. (a)
= Make observations and measurements, collect appropriate
data, and identify patterns that provide evidence to explain
a phenomenon or test a design solution. (a)
A nalyzing and Interpreting Data
Analyzing datain 3-5 builds on K-2 and progresses to
introducing quantitativ e approaches to collecting data and
conducting multiple trials of qualitativ e observations.
= Display datain tables and graphs, using digital tools w hen
feasible, to rev eal patterns that indicate relationships. (h)
= Use data to evaluate claims about cause and effect. (h)
= Compare datacollected by different groups in order to
discuss similarities and differences in their findings. (h)
Constructing Explanations and Designing Solutions
Constructing explanationsand designing solutions in 3—5 builds
on prior experiences in K-2 and progresses to the use of
evidence in constructing multiple explanations and designing
multiple solutions.
= Use quantitative relationships to construct explanations of
observ ed events (e.g., the distribution of plants in the badk
yard or w hy somethings sink and others float). (e)

LS4/A: Evidence of Common'Ancestry and Diversity
= /Fossils provideevidence abouit the types of organisms (both visible
and microscopic) that livedlong ago and also about the nature of
their environments. F ossils can be compared with one another and to
living organisms according to their similarities and differences.
(@), (e),(f)
ESS1.C: The History of PlanetEarth
= “Earth has changed ov er time. Understanding how landformsdevelop,
are w eathered (brokendown into smaller pieces), and erode (get
transported elsew here) can help to infer the history of the current
landscape. (a),(f)
= Local, regional, and global patterns of rock formations reveal
changes ov er time due to earth forces, such as earthquakes. The
presence and location of certain fossil ty pes indicate the order in
w hich rock lay ers were formed. (g)
= Patterns of tree rings and ice cores from glaciers can help
reconstruct Earth’s recent climate history. (b)
ESS2.A: Earth Materials and Systems
= Rainfall helps to shape the land and affects the ty pes of livingthings
found in a region. Water, ice, wind, living organisms, and gravity
break rocks, soils, and sediments into smaller particles and move
them around. (a),(c)
ESS2.B: Plate Tectonics and Large-Scale System Interactions
= The locations of mountain ranges, deepocean trenches, ocean floor
structures, earthquakes, and volcanoes occur in patterns. Most
earthquakes and volcanoes occur in bands that are often along the
boundaries betw een continents and oceans. Major mountain chains
form inside continents or near their edges. Maps can help locate the
different land and w ater features w here peoplelive and in other
areas of Earth. (g)
ESS2.C: TheRoles of Water in Earth’s Surface Processes
= The dow nhill movement of water as it flow s to the ocean shapes the
appearance of the land. (a)
ESS2.E: Biogeology
= Living things affect the phy sical characteristics of their regions (e.g.,
plants’ roots hold soil in place, beav er shelters and human-built dams
alter the flow of water, plants' respiration affects the air). Many types
of rocks and minerals are formed from the remains of organisms or
are altered by their activities. (c),(d)
ESS3.B: Natural Hazards
= A variety of hazards result from natural processes (e.g., earthquakes,
tsunamis, v olcanic eruptions). Humans cannot eliminate the hazards
but can take steps to reduce theirimpacts. (h), (i)
ET S1.B: Designing Solutions to Engineering Problems
= Research on a problem should be carried out—for example, through
Internet searches, market research, or field observations—before
beginning to design a solution. A n often productive w ay to generate
ideas is for people to work together to brainstorm, test, and refine
possible solutions. (h), (i)

Crosscutting Concepts

Patterns

Similarities and differences in patterns
can be used to sort, classify , and
analy ze simplerates of change for
natural phenomena and designed
products. Cyclic patterns of change
related to time can be used to make
predictions. (b),(g)

Causeand Effect

Cause and effect relationships are
routinely identified, tested, and used to
explain change. Events that occur
together with regularity might or might
not be a cause and effect relationship.
(@)(0),(d),(h)

Stability and Change

Some stable systems are static while
others change in different ways. Some
sy stems appear stable, but over long
periods of time will ev entually change.

(e)(f)

Connections to Engineering,
Technology,
and A pplications of Science

Influence of Engineering,
Technology, and Scienceon
Society and the Natural World
People’s needs and wants change, as
do their demands for new and
improv ed technologies. Engineers
improv e existing technologies or

dev elop new ones to increase their
benefits, to decrease known risks, and
to meet societal demands. When new
technologies become available, they
can bring about changes in the way
people live and interact with one
another. (i)
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4.PSE Processes that Shape the Earth

4.PSE  Processes that Shape the Earth (continued)

= Use evidence (e.g., measurements, observations, patterns) = Testing a solution inv olves investigatinghow well it performs
to construct a scientific explanation or solution to a problem. under a range of likely conditions. (i)

(d),(e),(F) = Tests are often designed to identify failure points or diffici
= Identify the evidencethat supports an explanation. (d),(e) w hich suggest the elements of the design that need to be
Engaging in Argument from Evidence improv ed. Atw hatever stage, communicating with peérs abgut
Engaging in argument from evidence in 3-5 builds from K-2 proposed solutions is an important part of the design process, and

experiences and progresses to critiquing the scientific shared ideas can lead to improv ed designs. (i)
explanations or solutions proposed by peers by citing relevant
ev idence about the natural and designed world.

= Construct and support scientific arguments drawing on
evidence, data, ora model. (c)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in 3-5
builds on K-2 and progresses to ev aluating the merit and
accuracy of ideas and methods.
= Compare and syrnthesizeacross texts and other reliable
media to acquire and generate appropriate scientific
information. (b),(g)
= Sy nthesize information in w ritten text with that contained in
corresponding tables, diagrams, and charts. (g)
= Generate and communicate scientific information orally and
in written formats using various forms of mediaand may
include tables, diagrams, and charts. (b)
= Use models to share findings in oral and written
presentations, and extended discussions. (g)

Connections to other DCIsin this grade-level: 4.LCT, 4.WAV

A rticulation of DCIs across grade-levels: K.OTE, K.WEA, 1.PC, 2ECS 2 10S, 3. WCI,_BSI MS.,ESS-HE,\MS.ES\S-WC MS.ESS-EIP, MS.LS-NSA. MS.ETS-ED

Common Core State Standards Comections: [Note: these connectiori e explicit arid com /eteﬁ?Wft releases]
ELA -
RI.4.10 By the end of year, read and comprehend infarmation xts, inciuding history/social studies, science, and technical texts, in the grades 4-5 text complexity band

W.4.9 Draw evidence from literary or informational texts to support analysis, reflection, and research.

SL.4.1 Engage effectively in a range of collaborative di i - i her-led) with diverse partners on grade 4 topics and texts, building on others’
ideas and expressing their ow n clearly

SL.4.2 Paraphrase portions of a text read aloud or informat i i Y ts, including visually, quantitatively, and orally.

Mathematics —

MP.1 Make sense of problems a
MP.3 Construct viable argu
MP.7 Look for and make
4.G.1 Draw and identi 5

3.MD.2 Solve problemsinvolving measurement and estimati i ime, liquid volumes, and masses of objects.
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4.E Energy

4. E _ Energy

Students who demonstrate understanding can:

a. Construct a simple explanation for the relationship between energy and motion. [Clarification Statement: Examples could be that a faster
ball will make a louder sound w hen it hits the wall than a slower one or a fast car has more energy than a slow car.] [Assessment Boundary: No attemptis madeto givea

precise definition of energy .]

b. Carry out investigations to provide evidence that energy is transferred from place to place by sound, light, heat, electric
currents, interacting magnets, and moving or colliding objects. [AssessmentBoundary: Q uantitative medsurements of energy are beyond the saope

of assessment. ]

c. Obtain and communicate information for how technology allows humans to concentrate;transport, and store energy for
practical use. [Clarification Statement: Examples could be batteries in electrical devices, power grids, or gasglifie stations.}
d. Design and construct a device that converts energy from one form to another using given design criteria. [Clarification
Statement: Examples of devices could be a windmill, watermill, alarm circuit, bell, or solar oven.]
e. Design and test a solution to a problem that utilizes the transfer of electric’energy in the solution using given design
constraints. [Clarification Statement: Examples of solutions could be a flashlight, electric motor, of doorbell.]
f. Develop a model using examples to explain differences between renewable and non-renewable sources of energy.
[Assessment Boundary: Should not include climate change.]

g. Construct simple explanations for how forces on an object cause the ¢bject to change, its energy. [Clarification Statement: Examples
of explanations could include how an unbalanced force is required to put an object in motion orstop the motion of an objeet.]

The performance expectations above were dev eloped using the following elements from.the NRC document’A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 3-5 builds on K—2 models and
progresses to building and rev ising simple models
and using models to represent ev ents and design
solutions.
= Construct a model using an analogy, example,
or abstract representation to explain a scientific
principle or design solution. (f)
= Use simple models to describe phenomenaand
test cause and effect relationships concerning
the functioning of a designed sy stem. (e)
Planning and Carrying Out Investigations
Planning and carry ing out investigations to answer
questions or test solutions to problems in 35 builds
on K—2 experiences and progresses to include
inv estigations that control variables and provide
evidence to support explanations or design setutiors.
= Make observations, collect appropriate data, and
identify patterns that provide eyidence teexplain
a phenomenon or test a desigh solution. (b),(g)
Constructing Explanations and Designing
Solutions
Constructing explanationsand designing solutions in
3-5 builds on prior experiences in i{—2 and
progresses to the use of evidence in constructing
multiple explanations and designing muttiple
solutions.
= Use evidence (e.g., measurements,
observ ations, patterns) to construct a scientific
explanation or solution to a problem. (a),(h)
= Apply scientific knowledge to solve design
problems. (d)
Obtaining, Evaluating, and Communicating
Information
O btaining, evaluating, and communicating
information in 3—5 builds on K-2 and progresses to
ev aluating the merit and accuracy of ideas and
methods.
= Compare and synthesize across texts and other
reliable media to acquire and generate
appropriate scientific and technical information.
(©
= Generate and communicate scientific and
technical information orally and in w ritten
formats using v arious forms of mediaand may
include tables, diagrams, and charts. (c)

PS3.A: Definitions of Energy
= The faster a given object is moving, the more energy itpossesses. Energy can
be mov ed from place to\place by moving-ebjects or through sound, light, or
electric currents. (Boundary : At thisarade level,.no attemptis made to give a
precise or complete definition of.energy.)(a),(b)
PS3.B: Conservation of Energy ahd Energy Transfer
= Energy is present whenever there are moving objects, sound;,-light, or heat.
When cbhjects.collide, energy can be transferred from one object to another,
thereby changingtheir motion. In suchcollisiohs, some energy’is typically also
transferredta the stirrounding air;'as a resuit, the air gets heated and sound is
produced. (a)
= Light also transfers enargy from placeto place. For example, energy radiated
fram the sun is trensferred to the earth by light. When this light is absorbed, it
warms Earth’sland, air, and w ater and facilitates plant growth. (b)
= “Energy-can alsg’be transfeiredfrom place to piace by electric currents, which
can then be used locally to produce motiori;sound, heat, or light. The currents
may have been produced tobegin with by transforming the energy of motion
into electrical energy (e.g., moving water driving a spinning turbine w hich
generates electric.currents). (e)
PS3.C: Relationship Between Energy and Forces
= When objects collide, the contact forces transfer energy so as to change the
objects’ rotions. Magnets can exert forces on other magnets or on
magnetizable materials, causingenergy transfer between them (e.g., leading to
changes in motion) even w hen the objects are not touching. (a),(g)
PS3.D: Energy in Chemical Processes and Everyday Life
= The expression “produce energy”typically refers to the conversion of stored
energy into a desired form for practical use—for example, the stored energy of
water behind a dam is released so that it flow s downhill and driv es a turbine
agnerator to produce electricity . (c),(d)
»/Itis important to be able to concentrate energy so that it is av ailable for use
w here and w hen it is needed. For example, batteries are physically
transportable energy storage devices, whereas electricity generated by power
plants is transferred from place to place through distribution sy stems. (c)
ESS3.A: Natural Resources
= All materials, energy, and fuels that humans use are derived from natural
sources, and their use affects the environment in multiple ways. Some
resources are renew able over time, and others are not. (f)
ETS1.A: Defining Engineering Problems
= Possible solutions to a problem are limited by available materials and resources
(constraints). The success of a designed solution is determined by considering
the desired features of a solution (criteria). Different proposals for solutions
can be compared on the basis of how well each one meets the specified criteria
for success or how well each takes the constraints into account. (d),(e)
ETS1.C: Optimizing the Design Solution
= Different solutions need to be tested in order to determine which of them best
solv es the problem, given the criteria and the constraints. (e)

Crosscutting Concepts

Energy and Matter

Matter is made of particles. Matter
flows and cy cles can be tracked in
terms of the w eight of the substances
before and after a process occurs. The
total w eight of the substances does not
change. This is w hat is meant by
conserv ation of matter. Matter is
transported into, out of, and within

sy stems. Energy can be transferred in
various ways and between objects.

(@), (b),(0),(),(9), ()

Connections to Engineering,
Technology,
and A pplications of Science

Influence of Engineering,
Technology, and Science on
Society and the Natural World
People’s needs and wants change over
time, as do their demands for new and
improv ed technologies. Engineers
improv e existing technologies or

dev elop new ones to increase their
benefits, decrease known risks, and
meet societal demands. When new
technologies become available, they
can bring about changes in the way
people live and interact with one
another. (d),(e)
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4.E Energy

4. E Energy (continued) >

Connections to other DCIsin this grade-level: 4.\NAV

A rticulation of DCIs across grade-levels: K.OTE, K.WEA, 2 .PP, 2.ECS, MS.PS-E, MS.PS-CR, MS.ESS-EIP, MS.ETS-ED

Common Core State Standards Comections: [Note. these connections will be made more explicit and complete in future drafl releasés]

ELA -

RI.4.10 By the end of year, read and comprehend informational texts, including history/social studies, science, and i inthe grades 4-5 text complexity band
proficiently , with scaffolding as neededat the high end of the range.

W.4.2 Write informativ e/explanatory texts to examine a topic and convey ideas and information clearly.

W.4.9  Draw evidence from literary or informational texts to support analysis, reflection, and research.

SL.4.1 Engage effectively in a range of collaborative discussions (one-on-ore, in groups, and teacher-| i ics and texts, building on others’
ideas and expressing their ow n clearly.

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoningof others.

MP.7 Look for and make use of structure.

4.MD.2 Solve problems involving measurement and conversion of measuremtns from a larger unit to a
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4. WAV Waves

4.WAV Waves

Students who demonstrate understanding can:

a. Investigate the motions of waves on the surface of water to identify patterns. [Assessment Boundary: Observations are qualitative, not

quantitative.]

b. Use a model to describe the amplitude and wavelength of waves.
c. Investigate how waves affect the motions of objects to provide evidence that waves-transfer energy to objects as a wave
passes. [Clarification Statement: An example of evidence could be corks bobbing up and down as a wave passes” [Assessment Boundary: Observations are qualitative not

quantitative.]

d. Investigate the interaction of two waves to describe how waves add or cancel one another depending on their relative

phase. [Clarification Statement: Examples of investigations could be two pebbles dropped in water or"a slinky“shaken at both ends to produce waves that cross.]
[Assessment Boundary: The wave nature of light is not included and observations are qualitative, pet quantitative.]
e. Obtain and share information about naturally occurring waves which transfer energy. [Clarification Statement: Naturally occurring waves
should include ocean, sound, and seismic waves. Evidence that can be used to show transferof enefgy could include coastal erosion or eaxthquake damage.]
f. Design, refine, and evaluate a model to solve a problem of transferring information using mechanicai\waves that can be
decoded and communicate the design to others. [Clarification Statement: An example of fransferring information could be druiys that send information

through sound waves.]

g. Obtain and communicate information about modern devices that are used tetransmit and receive digital information.
[Clarification Statement: An example of a modern device that can be used\to transmit and receive digital information could be cell phones.]

The performance expectations above were developed using the following.elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 3-5 builds on K-2 models and progresses to building
and revising simple models and using models to represent events
and design solutions.
= Construct a model using an analogy, example, orabstract
representation to explain a scientific principle or design solution.
("
= Use simple models to describe phenomena and test cause and
effect relationships ceiicerning the functioning of a naturalor
designed system.{b)
Planning and Carrying Out Investigations
Planning and carrying cut investigations to answer questions or test
solutions to problems in 3=5 builds on K-2 experiences'and
progresses to include investigations that control variables and
provide evidence to support explanations or design solutions.
= Discuss and evaluate appropriate methods and tools for
collecting data. (a)
= Make observations, collect appropriate data, and identify
patterns that provide evidence ta explain a phe€nomenon or test
a design solution. (c),(d)
= Formulate questions and predict reasonable outcomes based on
patterns such as cause and effect relationships. (c)
Constructing Explanations and Designing Solutions
Constructing explanations and designing-solutions in 3-5 builds on
prior experiences in K-2 and progresses to the use of evidence in
constructing multiple explanations and designing multiple solutions.
= Apply scientific knowledge to solve design problems. (f)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 3-5 builds
on K-2 and progresses to evaluate the merit and accuracy of ideas
and methods.
= Compare and synthesize across texts and other reliable media to
acquire and/or generate appropriate scientific and technical
information. (e),(g)
= Synthesize information in written text with that contained in
corresponding tables, diagrams, and charts. (e)
= (Critique and communicate scientific and technical information
orally and in written formats using various forms of media and
may include tables, diagrams, and charts. (e),(g)

PS4.A: Wave Properties
= Waves, which\are regilar patterns of motioi, can'be made
in water by disturbing the-surface. When waves move
across the'\surface of deep water, the water goes up and
down in place; it does not move in the-direction of the
wave—obselrve, for example, a bobbing cork or seabird—
except when the water meets the beach. (Note: This grade
band endpoint was\moved from K-2). (a),(c)
= Waves.of the same type can differ in amplitude (height of
the wave) and-waveiength (spacing between wave peaks).
(b)
= Waves can add or cancel one another as they cross,
depending on their relative phase (i.e., relative position of
peaks and troughs of the waves), but they emerge
unaffected by each other. (d)
= Earthquakes cause seismic waves, which are waves of
motion in Earth’s crust. (e)
PS4.C: Information Technologies and Instrumentation
= Digitized information (e.g., the pixels of a picture) can be
stored for future recovery or transmitted over long
distances without significant degradation. High-tech
devices, such as computers or cell phones, can receive and
decode information—convert it from digitized form to
voice—and vice versa. (g)
ETS1.B: Developing Possible Solutions
= There are many types of models, ranging from simple
physical models to computer models. They can be used to
investigate how a design might work, communicate the
design to others, and compare different designs. (f)
ETS2.A: Interdependence of Science, Engineering, and
Technology
= Knowledge of relevant scientific concepts and research
findings is important in engineering. (f)

Crosscutting Concepts

Patterns

Similarities and differences in patterns can
be used to sort, classify, and analyze simple
rates of change for natural phenomena and
designed products. Cyclic patterns of
change related to time can be used to make
predictions. (a),(b),(d)

Energy and Matter

Matter is made of particles. Matter flows
and cycles can be tracked in terms of the
weight of the substances before and after a
process occurs. The total weight of the
substances does not change. This is what is
meant by conservation of matter. Matter is
transported into, out of, and within systems.
Energy can be transferred in various ways
and between objects. (c),(e)

Connections to Engineering, Technology,
and Applications of Science

Interdependence of Science,
Engineering, and Technology

Science and technology support each other.
Tools and instruments are used to answer
scientific questions, while scientific
discoveries lead to the development of new
technologies. (f),(g)

Connections to other DCIs in this grade-level: 4.E, 4.PSE

Articulation of DCIs across grade-levels: 1.LS, 3.IF, 5.SSS, MS.PS-WER, MS.ETS-ED

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -
RI.4.3
RI.4.10
proficiently, with scaffolding as needed at the high end of the range.
W.4.2 Write informative/explanatory texts to examine a topic and convey ideas and information clearly.
SL.4.4

themes; speak clearly at an understandable pace.
Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.3 Construct viable arguments and critique the reasoning of others.
MP.7 Look for and make use of structure.

4.0A.5 Generate and analyze patterns.

Explain events, procedures, ideas, or concepts in a historical, scientific, or technical text, including what happened and why, based on specific information in the text.
By the end of year, read and comprehend informational texts, including history/social studies, science, and technical texts, in the grades 4-5 text complexity band

Report on a topic or text, tell a story, or recount an experience in an organized manner, using appropriate facts and relevant, descriptive details to support main ideas or
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5.SPM Structure, Properties, and Interactions of Matter

5. SPM  Structure, Properties, and Interactions of Matter

Students who demonstrate understanding can:

a. Use the model that matteris made of particles too small to be seen to describe and explain everyday phenomena.
[Clarification Statement: Examples of everyday phenomena could be inflating a balloon, effect of air on large objects, or the smell of fogd coQking.]

b. Investigate physical properties of materials and use the properties to distinguish one mat rom another. [Clarification

c. Investigate the interaction of two or more substances to provide evidence that whe dlffere nt substances are mixed,

d. Plan and carry out investigations to determine the effect on the total weight” of a’'substance when. the'substance changes

ev aporationand condensation. ]

e. Investigate and determine the effect on the total weight of matter
[Clarification Statement: Examples of interacting substances can include putting wet steel woal in a tlosed
container.][A ssessment boundary: Mass and weight are not distinguished at this grade level.]

hstances.
and milkin a closed

bstances i act to form ne
ntainer and }étting it rust, and mixing vinega

The performance expectations abov e were dev eloped using the following elements from the NRC documént A Framework for K-12 Science Education:

Science and Engineering Practices

Disciplinziy Core Ideas

Crosscutting Concepts
Developing and Using Models PS1.A: Structure andPropertiesof Matter Energy and Matter

Modeling in 3-5 builds on K—2 models and progresses to = Matterof any typecah be Subdividedinto particles thatare Matter is made of particles. Matter flowsand
building and rev ising simple models and using models to too small to see, but evien then tive matterstill exists and can cles can be tracked in terms of the w eight of
represent on ev ents and design solutions. be detected by other means (e.g. weighing orby its the substances before and after a process
= Use simple models to describe phenomenaand test effects on other objects). For example, a nmedel showing that [.occurs. The total w eight of the substances does
cause and effect relationships concerning the gases are made from matter particles that are too small to change. This is w hat is meant by
functioning of a natural or designed sy stem. (a) see and-a i i éxplainmany |» conserv ation of matter. Matter is transported
Planning and Carrying Out Investigations i i i i i into, out of, and within sy stems. Energy can be
Planning and carry ing out investigations to answer transferred in various ways and between
questions or test solutions to problems in 35 builds on K-2 objects. (a),(d),(e)
experiences and progresses to include inv estigations that Structure and Function
control v ariables and provide evidence to support Different materials have different substructures,
explanations or design solutions. ight) of matter is conserv ed when it changes | w hich can sometimes be observed.
= Planand carry out inv estigations collaboratively, using i ions-in-w hich it seems to vanish (e.g., Substructures hav eshapes and parts that serve
fair tests in w hich v ariables are controlled and the 1.solution, evaporation in a ciosed container). (c) functions. (b),(c)
number of trials considered. (c),(d),(e) Measurements of a variety-of properties’(e.g., hardness,
= Make observations, collect appropriate d reflectiv ity) can be used to identify materials. (b)
identify patterns that provide eviden: i .B: Chemica! Reactions

Using Mathematics and Computati inki different properties may be formed; such
Mathematical and computational ces depend on'the substances and the temperature.
builds on K-2 and progresses to e
measurements to a v ariety of physica i No matter w hat reaction or change in properties occurs, the

alternativ e designsolutions. Mass and w eight are not distinguished at this grade level.)
= Use standard units to measure area, volu
and temperature. (c),(d)

Connections to other DCIsin this grade-level: 5.M

Articulation of DCTs across grade-levels. 2 SPM, MS.PS-SPM, WS PS<CR

ELA -

W.5.2 Write informativ e/explanatory texts to examine a topic and convey ideas and information clearly.

W.5.9 Draw evidence from literary or informational texts to support analysis, reflection, and research.
Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoningof others.

MP.7 Look for and make use of structure.

5.0A.1 Write and interpret numerical expressions.

4.MD.2 Solve problems invalving measurement and conversion of measurements from a larger unit to a smaller unit.

Common Core State Standards Comections: [Note: these\sW will be made more explicit and completein future draft releases]
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5.MEE Matter and Energy in Ecosystems

5.MEE __ Matter and Energy in Ecosystems

Students who demonstrate understanding can:

a. Construct models of food webs to explain the interrelationship among plants, animals, and fungi within ecosystems.

b. Use models to trace the cycling of particles of matter between the air and soil and aniongplants, animals, and microbes.
[Assessment Boundary: The emphasis is on students applying the particle model to explain how matter cy cles; it does a0t incldde the chemistry of metabolism.]

c. Use models to describe how decomposition eventually returns (recycles) some miaterials back to the soil for plants to use.
d. Ask questions about how food provides animals with the materials they need for body repair.and growth and is digested

by animals to release the energy they need to maintain body warmth and alfeaw for motion.

e. Obtain and communicate information tracing the source of energy for burning fuel or digesting food back to energy from
the sun that was captured by plants through a chemical process.
f. Use models to communicate that plants obtain matter to grow chiefly from the air and water, and energy to grow from
the sun. [AssessmentBoundary: Details of photosynthesis are not included.]
g. Plan and carry out investigations to determine the role of light in\plant growth. {AssessmentBoundary: Details of photosynthesis are not

included.]

h. Design and construct a model to describe the interactions of systemswithin‘an ecosystem in terms of the flow of energy,

cycling of matter,and the conditions for a healthy ecosystem. [ClarificationStatemesit: Examples of a healthy ecosystem are ones in w hich multiple
species of different ty pes are able to meet their needs or no new invasive specié€s aresntroduced.]

The performance expectations above were develo

ped using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

A sking Questions and Defining Problems
A sking questions and defining problemsin grades 3-5 builds
from grades K—2 experiences and progresses to specifying
qualitativ e relationships.
= Ask questions basedon careful observations of phenomera
and information. (d)
= Ask questions of others to clarify ideas or request
evidence. (d)
Developing and Using Models
Modeling in 3-5 builds on K—2 models and progresses to
building and rev ising simple models and using models to
represent ev ents and design solutions.
= Construct and rev ise models collaboratively to measure
and explain frequent and regulareév ents. (f)
= Construct a model using an arialogy ,example, or abstract
representation to explain a-scientific principle. (b)
= Use simple models to describe phenomenaand test cause
and effect relationships concerning the functioning of a
natural or designed sy stem.(a),(c),(h)
Planning and Carrying Out Investigations
Planning and carry ing out investigations to answer questionsor
test solutions to problems in 3-5 builds on K—2 experiences
and progresses to include inv estigations that contral v ariables
and prov ide evidence to support explanations or design
solutions.
= Make observations and measurements, collect appropriate
data, and identify patterns that provide evidenceta explain
a phenomenon. (g)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in 3-5
builds on K-2 and progresses to ev aluating the merit and
accuracy of ideas and methods.
= Compare and synthesize across texts and other reliable
media to acquire and generate appropriate scientificand
technical information. (e)
= Sy nthesize information in w ritten text with that contained
in corresponding tables, diagrams, and charts. (e)

PS3.D: Energy in Chemical Processes and Everyday-Life
= Food and fuel alsorelease energy v hen they are digested.or

burned. When machines ar animals “usé” energy (e.g:;to move
around), most often the energy is transferred to-heatthe
surrounding env ironment. (d)

= Theenergy released by burning fuel or digesting food was once

energy frorn the sun that was captured by plants in the chemical
process that forms plant matter (from air and water). (d),(f)

LS1.C: Organization for Matter and Energy Flow in Organisms
= Animals anid-plants alike generally need to takein air and water,

animals must take in food, and-plants need light and minerals.
Food provides animals with the-materials they need for body
repaii‘and grow th and is digested to release the energy they need
to maintain body warmth and for motion. Anaerobic life, such as
bacteria‘in the gut, functions without air. (h)

Plants acquire their material for grow th chiefly from air and water
and process matter they haveformedto maintain their internal
conditions.(e.a., at night). (e)

LS2.A: Interdeépendent Relationships in Ecosystems
= The food of almost any kindof animal can be traced back to

plants. O rganisms are related in food w ebs in w hich some animals
eat plants for food and other animals eat the animals that eat
plants. Either way, they are “consumers.” Some organisms, such
as fungi and bacteria, break dow n dead organisms (both plants or
plants parts and animals) and therefore operate as
“decomposers.” Decomposition eventually restores (recycles)
some materials back to the soil for plants to use. (a),(b),(c)

O rganisms can survive only in environmentsin w hich their
particular needs are met. A healthy ecosystemis one in w hich
multiple species of different ty pes are each able to meet their
needs in a relativ ely stable webof life. Newly introduced species
can damage the balance of an ecosystem. (g)

LS2.B: Cycles of Matter and Energy Transfer in Ecosystems
= Matter cy cles between the air and soil and among plants, animak,

and microbes as these organisms liveand die. (b)

= Organisms obtain gases, water, and minerals from the

environment, and release w aste matter (gas, liquid, or solid) back
into the environment. (b), (h)

Crosscutting Concepts

Systems and System Models

A systemis a group of related parts that
make up a w hole and can carry out
functions its indiv idual parts cannot. A

sy stem can be described in terms of its
components and their interactions. (a),(h)
Energy and M atter

Matter is made of particles. Matter flows
and cy cles can be tracked in terms of the
w eight of the substances before and after
a process occurs. The total w eight of the
substances does not change. This is w hat
is meant by conservationof matter. Matter
is transported into, out of, and within

sy stems. Energy can be transferred in
various ways and betweenobjects.

(b),(0),(d),(e),(F),(9)

Connections to other DCIsin this grade-level: 5.SPM, 5.ESI

A rticulation of DCIs across grade-levels: K.OTE, 2.10S, 3.EIO, 4.E, MS.LS-IRE, MS.LS-MEOE, MS.PS-E

Common Core State Standards Comections; [Note: these connections will be made more explicit and completein future draft releases]

ELA -
RI.5.9
RI.5.10

complexity band independently and proficiently.
W.5.9
SL.54

speak clearly at an understandable pace.
Mathematics —

Integrate information from several texts on the same topic in order to write or speak about the subject knowledgeably.
By the end of the y ear, read and comprehend informational texts, including history/social studies, science, and technical texts, at the high end of the grades 4-5 text

Draw evidence from literary or informational texts to support analysis, reflection, and research.
Report on a topic or text or present an opinion, sequencing ideas logically and using appropriate fatts-@nd relevant, descriptive detailsto support main ideas or themes;

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics.

5.G.2

Graph points on the coordinate plane to solv e real-world and mathematical probiems.
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5.ESI Earth Systems and Their Interactions

5.ESI

Earth Systems and Their Interactions

Students who demonstrate understanding can:

a. Obtain and communicate information about the various forms of water on Earth.

[Clarification Statement: The forms of w ater on Earth that

students will address include v apor, fog or clouds in the atmosphere; rain or snow fallingfrom clouds; ice, snow, and running water on land; pagisture in soil and salt w ater in the
ocean; and groundw ater beneath the surface.] [Assessment Boundary: Focus is on the existence of different forms of water, not the cy eling.]

b. Use mathematical thinking to compare the relative abundance of salt water to fresh water 2nd analyze data to identify

the major locations of fresh water.

c. Construct models to describe systems interactions for the geosphere, hydrosphere, atmosphere, and biosphere and

identify the limitations of the models.

d. Obtain and share information on the role of the oceanin supporting a variety of ecosystems and organisms, shaping

landforms, and influencing climate.

e. Construct models to describe weather and climate patterns which are produced by the interactions among the

atmosphere, the ocean, and landforms.

f. Obtain, evaluate,and communicate information describing the impacts human activities has on Earth’s systems and
generate examples of actions individuals and communities have takento conserveEarth’s resources and environments.
g. Design and evaluate a process or product to minimize unwanted outcomes of iuman activities on Earth's systems, while

increasing benefits and meeting societal demands. [CIafification Statement: Examples of precesses or products could be designirig a cost-effective water
filtration sy stem that reduces pollutants in a riv er; or conducting an energy audit andidevelopinga plan to reduce ehergy use.]
h. Provide evidence to explain how increases in Earth’s temperature can affect humans and other organisms. [Clarification
Statement: Examples of effects on humans and other organismscan include chandes in crop grow ing.seasons, changes'in coral reefs, and loss of habitat for penguins.]
[Assessment Boundary: The Greenhouse effect and details of climate change are qot included here.]

The performance expectations above were devele

ped using the following elements from the NRE. document A \Framework for K-12 Science Education:

Science and Engineering Practices” |

Developing and Using Models
Modeling in 3-5 builds on K—2 models and progresses to
building and rev ising simple models and using models to
represent ev ents and design solutions.
= Construct and rev ise models collaboratively-to measure
and explain frequent and regular ev ents. (c),(e)
= Identify limitations of riodels. (c)
A nalyzing and Interpreting Data
Analyzing datain 3-5 builds on K-2 and progresses 0
introducing quantitativ eapproaches to collecting data and
conducting multiple trials of quaiitativ e observations.
= Use data to ev aluate claims about cause and effect
relationships. (e)
= Use data to evaluate and refine design solutions. (g)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 3-5 level
builds on K-2 and progresses to extending quantitative
measurements to a v ariety of physical properties and using
computation and mathematics to analyze data and cormpare
alternativ e design solutions.
= Analyze simple data sets for patterns that suggest
relationships. (b)
Constructing Explanations and Designing Solutions
Constructing explanationsand designing solutions in 3—5 builds
on prior experiences in K-2 and progresses to the use of
evidence in constructing multiple explanations and designing
multiple solutions.
= Use evidence (e.g., measurements, observations, patterns)
to construct a scientific explanation or solution to a
problem. (f),(g),(h)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in 3-5
builds on K—2 and progresses to ev aluating the merit and
accuracy of ideas and methods.
= Compare and synthesize across texts and other reliable
media to acquire and generate appropriate scientific and
technical information. (a),(d),(f)
= Sy nthesize information in w ritten text with that contained
in corresponding tables, diagrams, and charts. (a)
= Generate and communicate scientific and technical
information orally and in written formats using v arious
forms of media and may include tables, diagrams, and
charts. (d),(f)

ESS2.A: Earth Materials and Systems
= Earth’s major systems'are the geosphere (solid and molten rock,
soil, and sediments), the hy drosphere (w ater and ice), the
atmiosphere (air), and the biosphere (living things, including
humans):These systemsiinteract in multiple ways to affect Earth's
surface materiais-and processes. (c)
= The oceansupports a Variety of ecosystems and organisms,
shapes landforms,-and inflaences climate. (d)
= Winds and clouds in the atmosphere interact with the landforms
to determine patterns of w eather. (d),(e)
= \Human activities affect Earth’s systems and their interactions at its
surface. (f),(g)
ESS2.C: The Roles of Water in Earth’s Surface Processes
= Wateris found almost ev erywhereon Earth: as vapor; as fog or
clouds in the atmosphere; as rain or snow falling from clouds; as
ice, snow, and running w ater on land and in the ocean; and as
groundw ater beneath the surface. (a)
= Nearly all of Earth’s available w ater is in the ocean. Most fresh
water is in glaciers or underground; only a tiny fraction is in
streams, lakes, wetlands, and the atmosphere. (b)
ESS3.C: HumanImpactson Earth Systems
= Human activities in agriculture, industry, and everyday life have
had major effects on the land, v egetation, streams, ocean, air,
and ev en outer space. But individuals and communities are doing
things to help protect Earth’s resources and environments. For
example, they are treating sewage, reducing the amounts of
materials they use, and regulating sources of pollution such as
emissions from factories and power plants or the runoff from
agricultural activities. (f),(g)
ESS3.D: Global Climate Change
= If Earth’s global mean temperature continues to rise, the liv es of
humans and other organisms will be affected in many different
ways. (h)
ET S2.B: Interactions of Engineering, Technology, Science,
Society, and the Natural Environment.
= Engineers improve existing technologies or develop new ones to
increase their benefits (e.g., better artificial limbs), to decrease
know n risks (e.g., seatbelts in cars), and to meet societal
demands (e.g., cell phones). (g)

Crosscutting Concepts

Systems and System Models

A systemis a group of related parts that
make up a w hole and can carry out
functions its indiv idual parts cannot. A
sy stem can be described in terms of its
components and their interactions.

(@), (b),(c),(d), (e),(F),(h)

Connections to Engineering, Technology,
and A pplications of Science

Influence of Engineering,
Technology, and Science on Society
and the Natural World

People’s needs and wants change over
time, as do their demands for new and
improv ed technologies. Engineers improve
existing technologies or dev elop new ones
to increase their benefits, to decrease
know n risks, and to meet societal
demands. When new technologies become
av ailable, they can bring about changes in
the way people live and interact with one
another. (g)
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5.ESI Earth Systems and Their Interactions

5.ESI  Earth Systems and Their Interactions (continued)

Connections to other DCIsin this grade-level: 5.MEE

A rticulation of DCIs across grade-levels: K.OTE, 4.PSE, 4.LCT, MS.ESS-HI, MS.ESS-EIP, MS.ESS-ESP, MS.ETS-ETSS

Common Core State Standards Comections: [Note. these connections will be made more explicit and complete in future draft releases]

ELA -

RI.5.3 Explain the relationships or interactions between twoor more indiv iduals, events, ideas, or concepts in a historical, scientifie; or te
in the text.

RI.5.9 Integrate information from several texts on the same topic in order to write or speak about the subject knowledg

W.5.2 Write informativ e/explanatory texts to examine a topic and convey ideas and information clearly.

SL.5.2 Summarize a written text read aloud or information presented in diverse mediaand formats, including vis

Mathematics —

MP.1 Make sense of problems and persevere in solving them.

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoningof others.

4.MD.2 Solve problems involving measurement and conversion of measurements from a larger unit

ical text based on specific information
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5.SSS Stars and the Solar System

5.8SS  Stars and the Solar System

Students who demonstrate understanding can:

a. Obtain and communicate information about the sizes of stars, including the sun, and their distances from Earth to explain

their apparent brightnesses.
b.
pulled toward the planet’s center.

Provide evidence that Earth is spherical and the gravitational force of the Earth causes objects'near the surface to be

c. Use a model of a rotating, spherical Earth and the relative positions of the sun and moon to explain patterns in daily
changes in length and direction of shadows, day and night, and the phases of the moon: [AsseSsment Boundary: Seasons are not to be

assessed. ]

Develop explanations for how patterns in the positions of stars and constellations can bé used to navigate on Earth.
Gather evidence to investigate how lenses bend light and obtain information abcut the ways technology has used lenses

to improve our ability to see objects. [Clarification Statement: Examples of technology using lerses sould include telescopes, microscopes, eye glasses, and
jeweler’s loupes.] [Assessment Boundary: Quantitative details of refraction not to be included.]

b

Obtain, evaluate, and communicate information about the roles of science’andtechnology in the design process for

developing and refining devices to understand the universe. [Clarification Statemerit: Examples of devices could include.telescopes, computers and

spacecraft.]

The performance expectations above were developed using the following elements from the NRC.document A, Aramework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 3-5 builds on K-2 models and progresses to
building and revising simple models and using models to
represent events and design solutions.
= Construct and revise models collaboratively to measure
and explain frequent and regular events. (c)
= Use simple models to describe phenomena and test cause
and effect relationships concerning the functioning of a
natural or designed system. (c)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or
test solutions to problems in 3-5 builds on K-2 experiences
and progresses to include investigations that control variables
and provide evidence to support explanations or design
solutions.
= Make observations and measurements, collect appropriate
data, and identify patterns that provide evidence to explain
a phenomenon or test a design solution. (e)
Constructing Explanations and Designing Solutions
Constructing explanations and designing saiutions in-3-5-builds
on prior experiences in K-2 and progresses to the use of
evidence in constructing multiple exptanations and designing
multiple solutions.
= Use evidence (e.g., measuremerits, observations, patterns)
to construct a scientific explanation-or solution to a
problem. (d)
Engaging in Argument from Evidence
Engaging in argument from evidence in 3-5 builds frorn K-2
experiences and progresses to critiquing the scientific
explanations or solutions proposed by peers by citing-relevant
evidence about the natural and designed world.
= Construct and support scientific arguments drawing ori
evidence, data, or a model. (b)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 3-5
builds on K-2 and progresses to evaluating the merit and
accuracy of ideas and methods.
= Compare and synthesize across reliable texts and other
reliable media to acquire and generate appropriate
scientific and technical information. (a),(f)
= Synthesize information in written text with that contained
in corresponding tables, diagrams, and charts. (a)
= Generate and communicate scientific information orally
and in written formats using various forms of media and
may include tables, diagrams, and charts. (a)

PS2.B: Types of Interactions
= The gravitational force of Earth acting on an object near Earth’s
surface pulls that abject toward-the planet’s center. (b)
PS4.B: Electromagnetic Radiation
= A great deal of light travels threugh space to Earth from-the
sun and from distant stars. Because-lenses bend light beams,
they can be used, singly.or in\combination, to provide
magnified images of objects too small or.too far away to-be
seen with the naked eye. (a),(e)
PS4.C:Information Technologies and Instfrumentation
= Lenses can be used to make eyeglasses; telescopes, or
rhicroscopes in order to extend'what ¢an be seen. The design
of such instruments is based on understanding how the path of
light bends at the surface of a lens. (e)
ESS1.A: The Universe and its Stars
= The sun is &/star that-appears larger ‘and brighter than other
stars\because it is closer. Stars range-gpeatly in their size and
distancé from Earti.(a)
ESS1.8: Earth and the Solar System
=_The orbits of\Earth around the sun and of the moon around
Earth, togetherwith the rotation of Earth about an axis
between its. North~and South poles, cause observable patterns.
These include-day and night; daily and seasonal changes in the
length and direction of shadows; phases of the moon; and
different positions of the sun, moon, and stars at different
times of the day, month, and year. /Note: Seasons are
addressed in middle school.] (c)
= SOme objects in the solar system can be seen with the naked
eye. Planets in the night sky change positions and are not
always visible from Earth as they orbit the sun. Stars appear in
patterns called constellations, which can be used for navigation
and appear to move together across the sky because of Earth’s
rotation. (d)
ETS2.A: Interdependence of Science, Engineering, and
Technology
= Tools and instruments (e.g., rulers, balances, thermometers,
graduated cylinders, telescopes, microscopes) are used in
scientific exploration to gather data and help answer questions
about the natural world. Engineering design can develop and
improve such technologies (e),(f)

Crosscutting Concepts

Patterns

Similarities and differences in patterns can be
used to sort, classify, and analyze simple
rates of change for natural phenomena and
designed products. Cyclic patterns of change
related to time can be used to make
predictions. (c),(d)

Cause and Effect

Cause and effect relationships are routinely
identified, tested, and used to explain
change. Events that occur together with
regularity might or might not be a cause and
effect relationship. (b)

Scale, Proportion, and Quantity

Natural objects and observable phenomena
exist from the very small to the immensely
large. (a)

Connections to Engineering, Technology,
and Applications of Science

Interdependence of Science,
Engineering, and Technology

Science and technology support each other.
Tools and instruments are used to answer
scientific questions, while scientific
discoveries lead to the development of new
technologies. (e),(f)

Connections to other DCIs in this grade-level: NJA

Articulation of DCIs across grade-levels: 1.PC, 3.SFS, 3.IF, 4.WAV, 4.PSE, MS.ESS-SS, MS.PS-WER, MS.PS-IF, MS.ETS-ETSS

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]

ELA -
RI.5.7
RI.5.9
SL.5.2
Mathematics —

MP.2 Reason abstractly and quantitatively.
MP.3
MP.7
5.G.1

Look for and make use of structure.

Construct viable arguments and critique the reasoning of others.

Graph points on the coordinate plane to solve real-world and mathematical problems.

Draw on information from multiple print or digital sources, demonstrating the ability to locate an answer to a question quickly or to solve a problem efficiently.
Integrate information from several texts on the same topic in order to write or speak about the subject knowledgeably.
Summarize a written text read aloud or information presented in diverse media and formats, including visually, quantitatively, and orally.
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MS.LS-SFIP Structure, Function, and Information Processing

MS.LS-SFIP _ Structure, Function, and Information Processing

Students who demonstrate understanding can:

a. Investigate and present evidence that the structure of cells in both unicellular and multicellular organisms is related to
how cells function. [Assessment Boundary: Students conduct, not design, investigations.]

b. Investigate and generate evidence that unicellular and multicellular organispis sufvive by cbtaining food and water,
disposing of waste, and having an environment in which to live.

c. Construct an explanation for the function of specific parts of cells including: hucleus, chloreplasts, and mitochondria
and the structure of the cell membrane and cell wall for maintaining a’stabfe internal environment.

d. Construct models and representations of body systems to demonstrate liow multiple interacting subsystems and

structures work together to accomplish specific functions. [Clarification Statement: Represeritations are specific to the interactions of the systems
and focus on the following systems: excretory, digestive, respiratory, and nervous systems.{Assessment Boundary? The focus is on the interaction of stibsystems within the

system, not the mechanism of each body system itself.]

e. Provide explanations of how sense receptors respond to stimuli by sending messages to the brain to be processed for
immediate behavior or stored as information.
f. Communicate an explanation for how the storage of lohg=-term memories.requires changes in the structure and
function of millions of interconnected nerve cells in the brain.

The performance expectations above were developed using the following elements from-the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 6-8 builds on K-5 and progresses to developing,
using and revising models to explain, explore, and predict more
abstract phenomena and design systems.
= Use and/or construct models to predict, explain, and/or
collect data to test ideas about phenomena in natural or
designed systems, including those representing irputs and
outputs. (d)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or
test solutions to problems in 6-8 builds on-K=5 experiences
and progresses to include investigatioris that use multiple
variables and provide evidence to sUpport expianations or
design solutions.
= Collect data and generate evidence to answer scientific
questions or test design solutions under a range of
conditions. (a),(b)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6-8 builds
on K-5 experiences and progresses to include constructing
explanations and designing solutions supperted by multiple
sources of evidence consistent with scientific knowledge,
principles, and theories.
= Apply scientific reasoning to show why the data are
adequate for the explanation or conclusion. (c),(€e)
= Construct explanations from models or representations. (c)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 6-8
builds on 3-5 and progresses to evaluating the merit and
validity of ideas and methods.
= Gather, read, and explain information from appropriate
sources and evaluate the credibility of the publication,
authors, possible bias of the source, and methods used. (f)

LS1.A: Structure and Function

= _All living things are'made, up ofcells, which-is the smalest
unit that can be said'to be\alive. An’organism may consist
of one single cell (unicellular) or-many different numbers
and types, of cells (multicellular). (a)

= Unicellular\organisms (microorganisms), like multicellular
organisms, need food, water, a way to dispose of waste,
and an enyironment in which they. can live. (b)

= Within celis;-special structures are responsible for
paiticular functions, and the-cell rnembrane forms the
boundary that-controls what enters and leaves the cell. (c)

= In multicellular organisms, the body is a system of multiple
interacting subsystems. These subsystems are groups of
cells that work together to form tissues and organs that
are specialized for particular body functions. (d)

LS1.D: Information Processing

= Each sense receptor responds to different inputs
(electromagnetic, mechanical, chemical), transmitting them
as signals that travel along nerve cells to the brain. (e)

= [The signals are then processed in the brain, resulting in
immediate behaviors or memories. Changes in the
structure and functioning of many millions of
interconnected nerve cells allow combined inputs to be
stored as memories for long periods of time. (f)

Crosscutting Concepts

Systems and System Models

Systems may interact with other systems;
they may have sub-systems and be a part of
larger complex systems. Models can be used
to represent systems and their interactions—
such as inputs, processes and outputs—and
energy, matter, and information flows within
systems. Models are limited in that they only
represent certain aspects of the system under
study. (b),(d),(e)

Structure and Function

Complex and microscopic structures and
systems can be visualized, modeled, and
used to describe how their function depends
on the shapes, composition, and relationships
among its parts, therefore complex natural
and designed structures/systems can be
analyzed to determine how they function.
Structures can be designed to serve particular
functions by taking into account properties of
different materials, and how materials can be
shaped and used. (a),(c),(f)

Connections to other topics in this grade level: MS.PS-CR

Articulation across grade-levels: 3.SFS, HS.LS-SFIP

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-

RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks

RI.6.7
RI.6.8
RI.7.8
claims.
RI.8.8
irrelevant evidence is introduced.
Mathematics —
MP.2 Reason abstractly and quantitatively.
MP.6 Attend to precision.

7.SP.1,2 Use random sampling to draw inferences about a population.

Integrate information presented in different media or formats (e.g., visually, quantitatively) as well as in words to develop a coherent understanding of a topic or issue.
Trace and evaluate the argument and specific claims in a text, distinguishing claims that are supported by reasons and evidence from claims that are not.
Trace and evaluate the argument and specific claims in a text, assessing whether the reasoning is sound and the evidence is relevant and sufficient to support the

Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is sound and the evidence is relevant and sufficient; recognize when
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MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

MS.LS-MEOE

Matter and Energy in Organisms and Ecosystems

Students who demonstrate understanding can:

a. Develop an explanation for the role of photosynthesis in the cycling of matter and flow of €nergy on Earth. [Assessment Boundary:
Limited to the explanation related to water, carbon dioxide, and light energy being used to produce sugars and release oxygen NOT the chemical equation for photosynthesis.]

b. Investigate the cycling of matter among living and nonliving parts of ecosystems to explaji the flow of energy and
conservation of matter. [Clarification Statement: Investigations are qualitative observations of the cycling of water, cafbon, and oxygen in the environment.]

c. Use models to explain the transfer of energy into, out of, and within ecosystems.{Assessment Boundary: Only light, chemical, and thermal
energy need to be addressed with an emphasis that the total amount of energy does not change.]

d. Construct and communicate models of food webs that demonstrate the transfer of matter and energy among organisms
within an ecosystem. [Clarification Statement: Models of food webs should include producers, constirters/and decomposers. ]

e. Use evidence to support an explanation that matter is conserved when molecules from food react with oxygen in the
environment and cycle repeatedly between living and non-living componerits of ecosystem.

f. Use evidence to support arguments that changing any physical or biological component of an ecasystem may result in
shifts in the populations of species in the ecosystem.

The performance expectations above were developed using the following elements.from the NRC document A Framework for K-12 Science Education:.

Science and Engineering Practices

Developing and Using Models
Modeling in 6-8 builds on K-5 and progresses to developing,
using and revising models to explain, explore, and predict
more abstract phenomena and design systems.
= Use and/or construct models to predict, explain, and/or
collect data to test ideas about phenomena in natural or
designed systems, including those representing inputs
and outputs. (c),(d)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions
or test solutions to problems in 6-8 builds on K-5
experiences and progresses to include investigations that-use
multiple variables and provide evidence to support
explanations or design solutions.
= Collect data and generate evidence to answer scientific
questions under a range of conditions. (b)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutisns-in 6—8
builds on K-5 experiences and progresses to include
constructing explanations and designing solutioiis supported
by multiple sources of evidence consistent with scientific
knowledge, principles, and theories.
= Base explanations on evidence'and the assumption that
natural laws operate today as they did in the past and
will continue to do so in the future. (a)
= Construct explanations from medels or.representations.
(e
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-5
experiences and progresses to constructing a convincing
argument that supports or refutes claims for either
explanations or solutions about the natural and designed
world.
= Use oral and written arguments supported by empirical
evidence and reasoning to support or refute an argument
for a phenomenon or a solution to a problem. (f)

LS1.C: Organization for Matter and Energy Flow in
Organisms

Plants, algaef(including phytoplankton), and many
microorganisms usé the energy-from light to make sugars (food)
from carbon dioxide from-the atmosghere and water throtigh the
process of photosynthesis, which also reieases oxygen, These
sugars can be used immediately or stored for growth orlater
use. (a)

Animals obtain food from eating plants or eating other animals.
(d)

Within individual organisms, food rnoves through a series of
chemical reactions in which it istbroken down and rearranged to
form new molecules, to support growth or to release energy. (e)
In most|animals and plants, @xygen reacts with carbon-
containihg molecules (sugars)'to pravide energy and produce
carbop-dioxide;-anaerobic bacteria achieve their energy needs in
othet chemical processes that do'yot need oxygen. (c)

LS2.B: Cycle of Matter and Energy Transfer in Ecosystems

ol

Food<webs are models that demonstrate how matter and energy
is transferred between producers (generally plants and other
organisms-that engage in photosynthesis), consumers, and
decornposers.as the three groups interact—primarily for food—
within an ecosystem. Transfers of matter into and out of the
physical environment occur at every level—for example, when
molecules from food react with oxygen captured from the
environment, the carbon dioxide and water thus produced are
transferred back to the environment, and ultimately so are waste
products, such as fecal material. Decomposers recycle nutrients
from dead plant or animal matter back to the soil in terrestrial
environments or to the water in aquatic environments. The
atoms that make up the organisms in an ecosystem are cycled
repeatedly between the living and nonliving parts of the
ecosystem. (b),(c),(d)

LS2.C: Ecosystem Dynamics, Functioning, and Resilience
= Ecosystems are dynamic in nature; their characteristics can vary

over time. Disruptions to any physical or biological component of
an ecosystem can lead to shifts in all its populations. (f)

Crosscutting Concepts

Systems and System Models-

Systems may interact with other systems; they
may have sub-systems and be a part of larger
complex systems. Models can be used to
represent systems and their interactions—such
as inputs, processes and outputs—and energy,
matter, and information flows within systems.
Models are limited in that they only represent
certain aspects of the system under study. (c)

Energy and Matter

Matter is conserved because atoms are
conserved in physical and chemical processes.
Within a natural or designed system, the
transfer of energy drives the motion and/or
cycling of matter. (a),(b),(e)

Energy may take different forms (e.g. energy
in fields, thermal energy, energy of motion).
The transfer of energy can be tracked as
energy flows through a designed or natural
system. (d)

Stability and Change

Explanations of stability and change in natural
or designed systems can be constructed by
examining the changes over time and forces at
different scales, including the atomic scale.
Small changes in one part of a system might
cause large changes in another part. Stability
might be disturbed either by sudden events or
gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due
to a balance of feedback mechanisms. (f)

Connections to other topics in this grade-level: MS.ESS-HE, MS.ESS-ESP, MS.PS-SPM, MS.PS-ECT, MS.PS-CR

Articulation across grade-levels: 3.SFS, 5.MEE, HS.LS-MEOE, HS.LS-IRE

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-
SL.5.1
ideas and expressing their own clearly.
SL.6.1
others’ ideas and expressing their own clearly.
W.6.8
avoiding plagiarism and providing basic bibliographic information for sources.
W.7.8
paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.
Mathematics —
MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics.
5.0A Analyze patterns and relationships.
6.SP Summarize and describe distributions.

Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 5 topics and texts, building on others’
Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on

Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while

Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each source; and quote or
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MS.LS-IRE Interdependent Relationships in Ecosystems

MS.LS-IRE

Interdependent Relationships in Ecosystems

Students who demonstrate understanding can:
a. Use a model to demonstrate the effect of resource availability on organisms and populations of organisms in an

ecosystem.
b.
ecosystems.

advantages.

Ask researchable questions about the ways organisms obtain matter and energy ac SS
[Assessment Boundary: Biochemical details of photosynthesis and cellular respiration are not to be treated in terms of

Use models to explain the role of biodiversity in ecosystems.

Construct explanations to describe competitive, predatory, and mutually beneficial inter

tions as patterns across various

ultiple and varied ecosystems.

The performance expectations above were developed using the following elements ffom thé NRC document’A Eramework for K-12 Science Education:

Science and Engineering Practices

Asking Questions and Defining Problems
Asking questions and defining problems in grades 6-8
builds from grades K-5 experiences and progresses to
formulating and refining empirically testable questions.
= Ask questions that arise from phenomena, models,
or unexpected results. (c),(f)
Developing and Using Models
Modeling in 68 builds on K-5 and progresses to
developing, using and revising models to explain,
explore, and predict more abstract phenomena and
design systems.
= Use and/or construct models to predict, explain,
and/or collect data to test ideas about phenomena
in natural or designed systems, including those
representing inputs and outputs. (d)
= Modify models — based on their limitations — to
increase detail or clarity, or to explore what will
happen if a component is changed. (a)
Constructing Explanations and Designin
Solutions

a convincing argument that supports or refutes claims
for either explanations or solutions about the natu
and designed world.
= Use oral and written arguments supported by
empirical evidence and reasoning to support or
refute an argument for a phenomenon or a
solution to a problem. (e)

access to which conseque
reproduction. (a),(c)

loriger function to meet individuals’ needs, if dominant members lose
thelir place, or if other key members are removed from the group
through death, predation, or exclusion by other members. (f)
LS4.D:/ Biodiversity and Humans
= Bigdiversity is the wide range of existing life forms that have adapted
0 the variety of conditions on Earth from terrestrial to marine
ecosystems. Biodiversity includes genetic variation within a species, in
ition to species variation in different habitats and ecosystem types
e.g., forests, grasslands, wetlands). (d)
= Changes in biodiversity can influence humans’ resources, such as food,
energy, and medicines, as well as ecosystem services that humans
rely on—for example, water purification and recycling. (e)

Crosscutting Concepts

Patterns

Macroscopic patterns are related to the nature
of microscopic and atomic-level structure.
Patterns in rates of change and other
numerical relationships can provide information
about natural and human designed systems.
Patterns can be used to identify cause and
effect relationships. Graphs and charts can be
used to identify patterns in data. (b),(f)
Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not
necessarily imply causation. Cause and effect
relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause,
and some cause and effect relationships in
systems can only be described using
probability. (a),(e)

Systems and System Models

Systems may interact with other systems; they
may have sub-systems and be a part of larger
complex systems. Models can be used to
represent systems and their interactions—such
as inputs, processes and outputs—and energy,
matter, and information flows within systems.
Models are limited in that they only represent
certain aspects of the system under study. (d)
Energy and Matter

Matter is conserved because atoms are
conserved in physical and chemical processes.
Within a natural or designed system, the
transfer of energy drives the motion and/or
cycling of matter. Energy may take different
forms (e.g. energy in fields, thermal energy,
energy of motion). The transfer of energy can
be tracked as energy flows through a designed
or natural system. (c)

Connections to other topics in this grade-level: MS.ESS-HE, MS.ESS-HI, MS.ETS-ETSS

Articulation across grade-levels: 3.EI0, 5.MEE, HS.LS-IRE, HS.LS-MEOE

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA—-
SL.6.3
SL.7.3

Delineate a speaker’s argument and specific claims, distinguishing claims that are supported by reasons and evidence from claims that are not.
Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and the relevance and sufficiency of the evidence.

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions
that allow for multiple avenues of exploration.

Mathematics —

MP.3 Construct viable arguments and critique the reasoning of others.
5.0A Analyze patterns and relationships.

7.SP.3  Draw informal comparative inferences about two populations.
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MS.LS-NSA Natural Selection and Adaptations

MS.LS-NSA Natural Selection and Adaptations

Students who demonstrate understanding can:
a.
b.

Analyze and interpret patterns of change in fossils to provide evidence of the history of life.on Earth.
Construct explanations for the anatomical similarities and differences between fossils of once-living organisms and

organisms living today. [Clarification Statement: Students should use the record of evolutionary descent between, &ncientand modern-day organisms.]

Develop explanations for why most individual organisms, as well as some entire spaciesof organisms, that lived in the

past were never fossilized. [Assessment Boundary: The process of fossilization is not treated in any detailvithin the\life sciences but addressed in the Earth sciences.]

Recognize and compare patterns in the embryological development across difféerent’species to identify relationships not

evident in the fully formed anatomy. [Assessment Boundary: Limited to general characteristics of embryologicahdevelopment among species. ]

Communicate explanations for how genetic variations of traits in a populatiohincrease some individual’s probability of

surviving and reproducing in a specific environment which tends to increase these traits in the population.
f. Use mathematical models to explain how natural selection over many genrérations results in changes within species in

response to environmental conditions that increase or decrease certain traits in a population. [ClarificationStatement: Population data
for organisms over time showing trends in numbers of individuals with specific traits.] [Assessrhent Boundary: Data shduld be provided to students.]

to become separate species.

Obtain and evaluate information about how two populations of the same specjés in different environments have evolved

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Analyzing and Interpreting Data
Analyzing data in 6-8 builds on K-5 and progresses to =
extending quantitative analysis to investigations, distinguishing
between correlation and causation, and basic statistical
techniques of data and error analysis.
= Distinguish between causal and correlational relationships.
(a -
= Use graphical displays to analyze data in order to identify
linear and nonlinear relationships. (d)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 6-8 ievel
builds on K-5 and progresses to identifying patterns in iarge
data sets and using mathematical concepts to support
explanations and arguments. a
= Use mathematical concepts such as ratios, averages, basic
probability, and simple functions, incituding linear
relationships to analyze data. (f)
Constructing Explanations and Designing Solutions ]
Constructing explanations and.designiing solutions in 6—8 builds
on K-5 experiences and progresses to include constructing
explanations and designing sclutions supported by multiple
sources of evidence consistent with scientific knowledge, .
principles, and theories.
= Base explanations on evidence and the assumption that
natural laws operate today as they did in the past and will
continue to do so in the future. (b)
= Apply scientific reasoning to show why the data are
adequate for the explanation or conclusion. {c) .
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information.in 6-8
builds on 3-5 and progresses to evaluating the merit and .
validity of ideas and methods.
= Generate and communicate ideas using scientific language
and reasoning. (e) .
= Gather, read, and explain information from appropriate
sources and evaluate the credibility of the publication,
authors, possible bias of the source, and methods used. (g)

LS4.A: Evidence of Common-Ancestry and Diversity

Fossils are miheral repiacements, preserved remains, ortraces of
organisms that lived'in the past. Thousands of layers of sedimentary
rock not only provide evidence of-the history-of the Earth itself but
also of changes in‘orgahisms whosé fossil remains_have been found in
those layers. (a)

The eollection of fossils and their placement in chronological order
(e.g., through the location of the-Sedimentary layers in which they are
fouind or through radioactive dating) is known as the fossil record. It
docuiments, the existence, diversity, extinction, and change of many
life forms throughout the history\of life on Earth. Because of the
conditions hecessary for their preservation, not all types of organisms
that existed-in the past have left fossils that can be retrieved. (c)
Andtomical similarities and differeiices between various organisms
living today-and between them-and organisms in the fossil record,
enable the reconstruction of-evolutionary history and the inference of
lines 'of evolutionary descent. (b)

Comparison of the embryological development of different species also
reveals similarities that show relationships not evident in the fully-
formed anatomy. (d)

LS4.B: Natural Selection

Genetic variations among individuals in a population give some
individuals an advantage in surviving and reproducing in their
environment. This is known as natural selection. It leads to the
predominance of certain traits in a population, and the suppression of
others. (e),(f)

L54.C: Adaptation

Adaptation by natural selection acting over generations is one
important process by which species change over time in response to
changes in environmental conditions. (g)

Traits that support successful survival and reproduction in the new
environment become more common; those that do not become less
common. Thus, the distribution of traits in a population changes. (f)
In separated populations with different conditions, the changes can be
large enough that the populations, provided they remain separated (a
process called reproductive isolation), evolve to be separate species.

(9)

Crosscutting Concepts

Patterns

Macroscopic patterns are related to
the nature of microscopic and atomic-
level structure. Patterns in rates of
change and other numerical
relationships can provide information
about natural and human designed
systems. Patterns can be used to
identify cause and effect relationships.
Graphs and charts can be used to
identify patterns in data. (a),(b),(d)
Cause and Effect

Relationships can be classified as
causal or correlational, and correlation
does not necessarily imply causation.
Cause and effect relationships may be
used to predict phenomena in natural
or designed systems. Phenomena may
have more than one cause, and some
cause and effect relationships in
systems can only be described using
probability. (c),(e),(f)

Stability and Change

Explanations of stability and change in
natural or designed systems can be
constructed by examining the changes
over time and forces at different
scales, including the atomic scale.
Small changes in one part of a system
might cause large changes in another
part. Stability might be disturbed
either by sudden events or gradual
changes that accumulate over time.
Systems in dynamic equilibrium are
stable due to a balance of feedback
mechanisms. (g)

Connections to other topics in this grade-level MS.ESS-HE

Articulation across grade-levels: 3.EIO, 3.SFS, 4.PSE, 4.LCT, HS.LS-NSE, HS.LS-IRE, HS.PS-NP

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA—-

SL.6.4
adequate volume, and clear pronunciation.

SL.7.4
adequate volume, and clear pronunciation.

Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.6  Attend to precision.

MP.4  Model with mathematics.

5.0A Analyze patterns and relationships.

6.EE Apply and extend previous understandings of arithmetic to algebraic expressions.
Reason about and solve one-variable equations and inequalities.

7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and equations.

Present claims and findings, sequencing ideas logically and using pertinent descriptions, facts, and details to accentuate main ideas or themes; use appropriate eye contact,

Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye contact,
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MS.LS-GDRO Growth, Development, and Reproduction of Organisms

MS.LS-GDRO Growth, Development, and Reproduction of Organisms

Students who demonstrate understanding can:

a. Use evidence to support an explanation of how environmental and genetic factors affect thie growth of organisms.
[Clarification Statement: The emphasis is on the impact of factors in terms of cause and effect, not the mechanism (e.g., abundaht food leads to more significant growth,
offspring of large breeds of dogs are larger than the offspring of small dogs).]

b. Investigate and present evidence that plants continue to grow throughout their life through the production of new plant
matter via photosynthesis. [Assessment Boundary: Reproduction is not treated in any detail here, for more specifics of grade level see DCI LS3.A.]
c. Use models to construct an explanation of how the genetic contribution from each parent.through sexual reproduction

results in variation in offspring and how asexual reproduction results in offspring with identical genetic information.
[Assessment Boundary: The emphasis is on the impact of gene transmission in reproduction, not the mechanisth, of the gene interactionsy

d. Plan and conduct investigations to gather evidence for the relationship among specialized plant structures, specific

animal behaviors, and the successful reproduction of the plant. [Clarification Statement: Examples of evidehce of Successful reproduction of plants
could include placement of stamen and bees gathering nectar, hard shells on pine nuts and squirrels buryjrig nuts.]

e. Use empirical evidence to support an argument for how characteristic animal behgaviors affect the probability of
successful reproduction. [Clarification Statement: Examples of animal behaviors could inciude birds buildifig nests to protect young, brown treut spawning in late fall

when predators are less active.]

f. Provide explanations of how changes (mutations) to genes, which are locatéd on’chromosomes, affect specific inherited
traits resulting in harmful, beneficial, or neutral effects.

g. Provide an explanation for the relationship among changes (mutations) to genes, changes to the formation of proteins,
and the effect on the structure and function of the organism and thereby traits.

h. Communicate explanations of ways technologies enable humans to-influence the inheritance of certain traits in plants
and animals. [Clarification Statement: Examples of human influence could be breeds of taftle for various purposes, disease resistant crops, genetically modified organisms.]

The performance expectations above were developed using the following elements from the NRC decument A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 6-8 builds on K-5 and progresses to
developing, using and revising models to explain,
explore, and predict more abstract phenomena and
design systems.
= Modify models—based on their limitations—to
increase detail or clarity, or to explore what will
happen if a component is changed. (c)
Planning and Carrying Out Investigations
Planning and carrying out investigatioris to answer
questions or test solutions to probléms in 6=8 builds
on K-5 experiences and progresses to include
investigations that use multipie variables and provide
evidence to support explanations or-design solutions.
= Plan and carry out investigations individually and
collaboratively, identifying independent and
dependent variables and controls. (b)
= Collect data and generate evidence to answer
scientific questions or test design solutions under
a range of conditions. (b)
Constructing Explanations and Designing
Solutions
Constructing explanations and designing solutions in
6-8 builds on K-5 experiences and progresses to
include constructing explanations and designing
solutions supported by multiple sources of evidence
consistent with scientific knowledge, principles, and
theories.
= Apply scientific reasoning to show why the data
are adequate for the explanation or conclusion.
(a),(d),(P,(9)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds
from K-5 experiences and progresses to constructing
a convincing argument that supports or refutes
claims for either explanations or solutions about the
natural and designed world.
= Use oral and written arguments supported by
empirical evidence and reasoning to support or
refute an argument for a phenomenon or a
solution to a problem. (e)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating
information in 6-8 builds on 3-5 and progresses to
evaluating the merit and validity of ideas and
methods.
= Read critically using scientific knowledge and
reasoning to evaluate data, hypotheses,
conclusions, and competing information. (h)

May 7, 2012

LS1.8: Growth and Development of Organisms

Organisms reproduge, either sexually or asexually, and transfer
their genetic information to their offspring. (c)

Animals engage in characteristic behaviors\that increase the odds of
reproduction. (e)

Plants reproduceg in & variety of ways, sometimes depending on
animahbehavior and speciaiized-features (sueh as attractively
colored fiowers) for reproduction. (d)

Plant.growth can continue througheut the plant’s life through
production of plant matter in photosynthesis. (b)

Genetic factors as.well as local conditions affect the size of the
adult.plant. The growth of an animal is controlled by genetic
factors), food intake, and interactions with other organisms, and
each species has a typicat adult size range. (a)

LS3.A: \Inheritance of Traits

Genes are|located in the chromosomes of cells, with each
chromosormne pair containing two variants of each of many distinct
genes. (c);(f)

Each distinct gene chiefly controls the production of specific
proteins, which in turn affects the traits of the individual (e.g.,
humari skin color results from the actions of proteins that control
the production of the pigment melanin). (c)

Changes (mutations) to genes can result in changes to proteins,
which can affect the structures and functions of the organism and
thereby change traits. (f),(g)

Sexual reproduction provides for transmission of genetic
information to offspring through egg and sperm cells. These cells,
which contain only one chromosome of each parent’s chromosome
pair, unite to form a new individual (offspring). Thus offspring
possess one instance of each parent’s chromosome pair (forming a
new chromosome pair). Variations of inherited traits between
parent and offspring arise from genetic differences that result from
the subset of chromosomes (and therefore genes) inherited or
(more rarely) from mutations. (c)

LS3.B: Variation of Traits

In sexually reproducing organisms, each parent contributes half of
the genes acquired (at random) by the offspring. Individuals have
two of each chromosome and hence two alleles of each gene, one
acquired from each parent. These versions may be identical or may
differ from each other. (c)

In addition to variations that arise from sexual reproduction,
genetic information can be altered because of mutations. Though
rare, mutations may result in changes to the structure and function
of proteins. Some changes are beneficial, others harmful, and some
neutral to the organism. (f)

LS4.B: Natural Selection

In artificial selection, humans have the capacity to influence certain
characteristics of organisms by selective breeding. One can choose
desired parental traits determined by genes, which are then passed
on to offspring. (h)

Embargoed until May 11, 2012, 12:00 p.m. EDT

Crosscutting Concepts

Cause and Effect
Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships may
be used to predict phenomena in natural or
designed systems. Phenomena may have more
than one cause, and some cause and effect
relationships in systems can only be described
using probability. (a),(b),(c),(d),(e),(f)
Structure and Function
Complex and microscopic structures and systems
can be visualized, modeled, and used to describe
how their function depends on the shapes,
composition, and relationships among its parts,
therefore complex natural and designed
structures/systems can be analyzed to determine
how they function. Structures can be designed to
serve particular functions by taking into account
properties of different materials, and how materials
can be shaped and used. (d),(g)

Connections to Engineering, Technology,

and Applications of Science

Influence of Engineering, Technology, and
Science on Society and the Natural World
All human activity draws on natural resources and
has both short and long-term consequences,
positive as well as negative, for the health of
people and the natural environment. The uses of
technologies are driven by people’s needs, desires,
and values; by the findings of scientific research;
and by differences in such factors as climate,
natural resources, and economic conditions.
Technology use varies from region to region and
over time. (h)
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MS.LS-GDRO Growth, Development, and Reproduction of Organisms

MS.LS-GDRO  Growth, Development, and Reproduction of Organisms (continued)

Connections to other topics in this grade-level MS.PS-CR >

Articulation across grade-levels: 4.LCT, HS.LS-IVT, HS.LS-NSE

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft release,
ELA-

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.
W.7.1 Write arguments to support claims with clear reasons and relevant evidence.

RI.6.7 Integrate information presented in different media or formats (e.g., visually, quantitatively) as well as in words p a coherentunderstanding of a topic or issue.

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on sev i ditional related, focused questions
that allow for multiple avenues of exploration.

Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoning of others.

5.0A Analyze patterns and relationships.

6.EE Represent and analyze quantitative relationships between dependent and independent variabies.

7.SP.1,2 Use random sampling to draw inferences about a population
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HS.LS-SFIP Structure, Function, and Information Processing

HS

.LS-SFIP __ Structure, Function, and Information Processing

Stu
a.

b.

dents who demonstrate understanding can:
Obtain and communicate information explaining how the structure and function of systems of specialized cells within

organisms help them perform the essential functions of life. [Assessment Boundary: Limited to conceptual uderstanding of chemical reactions that
take place between different types of molecules such as water, carbohydrates, lipids, and nucleic acids.]

Communicate information about how DNA sequences determine the structure and function of proteins.
[Assessment Boundary: Limited to conceptual understanding of how the sequence of nitrogen bases in DNA determinethe aminosacid sequence and the structure and function of
the protein it codes for, not the actual protein structure.]

Develop and use models to explain the hierarchical organization of interacting systems working together to provide

specific functions within multicellular organisms. [Clarification Statement: Levels of organizatién should include cell3, tissues, organs, systems, and
organisms.] [Assessment Boundary: The focus is on the basic organization of systems across several levels’of organization.]

Use modeling to explain the function of positive and negative feedback'mechanisms in maintaining-homeostasis that is
essential for organisms. [Assessment Boundary: The focus is on conceptual models expldining €kamples of both types of feedback systems,]
Use evidence to support explanations for the relationship between a region of the‘brain and the primary function of that

region. [Clarification Statement: Conceptual understanding that the brain is divided into several distinct regions ahd cirgdits, each of which primarily serves dedicated functions
(e.g., visual perception, auditory perception, interpretation of perceptual information, guidance of raptor mqvement, degiSion making about actions to take in the event of certain

inputs).]

f. Gather and communicate information to explain the integrated functioning ofall parts of the brain for successful
interpretation of inputs and generation of behaviors. [£ssessment Boundary: Conceptual understanding is limited to the structure and function of the

brains of complex organisms.]

Analyze and interpret data to identify patterns of behavior'that motivate organisms'to seek rewards, avoid punishments,

develop fears, or form attachments to members of their own species and;in some cases, to individuals of other species.

The performance expectations above were developed using the following elernents from the NRC document A Framework for K-12 Science Education:.

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to
using, synthesizing, and constructing models to
predict and explain relationships between systems
and their components in the natural and designed
world.
= Use multiple types of models to represent and
explain phenomena and move flexibly
between model types based on merits-and
limitations. (c),(d)
= Construct, revise, and use modéls to predict
and explain relationships betieen systems
and their components. (¢),(d)
Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on -8 and
progresses to introducing more detailed
statistical analysis, the comparison of data sets
for consistency, and the use of models to
generate and analyze data.
= Consider limitations (e.g., measurement
error, sample selection) when analyzing and
interpreting data. (g)
= Evaluate the impact of new data on a working
explanation of a phenomenon or design
solution. (g)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating
information in 9-12 builds on 6-8 and progresses
to evaluating the validity and reliability of the
claims, methods, and designs.
= Critically read scientific literature adapted for
classroom use to identify key ideas and major
points and to evaluate the validity and
reliability of the claims, methods, and
designs. (a),(b),(e),(f)
= Generate, synthesize, communicate, and
critique claims, methods, and designs that
appear in scientific and technical texts or
media reports. (a),(b),(e),(f)

LS1.A: Structure and Function

= Systems-of specialized cells within organisms-help them perform
the esSential functions of\life, which invalve chemical reactions
that take place between clifferent types of molecules, such as
water;.proteins, carbohydrates, lipids, and ‘nucleic acids. (a)

= All cells contain gengttic information in the form of\DNA
molecules. Genes are regions in the DNA-that contain the
instructions that code-for-the formation of proteins, which carry
aut most of the work of cells. (b)

= Multicellular-qorganisms have a hierarchical structural
organization, in\which any one system is made up of numerous
parts and\is itself '@ component of the next level. (c)

= Feedback mechanisrns maintain a living system’s internal
conditions within certain limits and mediate behaviors, allowing
it to remain alive and functional even as external conditions
change within some range. Outside that range (e.g. at too high
or too low external temperature, with too little food or water
available) the prganism cannot survive. Feedback mechanisms
can engourage (through positive feedback) or discourage
(negative feedback) what is going on inside the living system.
(d)

LS1.D: Information Processing

= In complex animals, the brain is divided into several distinct
regions and circuits, each of which primarily serves dedicated
functions, such as visual perception, auditory perception,
interpretation of perceptual information, guidance of motor
movement, and decision making about actions to take in the
event of certain inputs. (e)

= In addition, some circuits give rise to emotions and memories
that motivate organisms to seek rewards, avoid punishments,
develop fears, or form attachments to members of their own
species and, in some cases, to individuals of other species (e.qg.,
mixed herds of mammals, mixed flocks of birds). (g)

= The integrated functioning of all parts of the brain is important
for successful interpretation of inputs and generation of
behaviors in response to them. (f)

% Crosscutting Concepts

Patterns

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence for
causality in explanations of phenomena. Classifications or
explanations used at one scale may fail or need revision
when information from smaller or larger scales is
introduced; thus requiring improved investigations and
experiments. Patterns of performance of designed systems
can be analyzed and interpreted to reengineer and
improve the system. Mathematical representations are
needed to identity some patterns. (g)

Cause and Effect

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects. Cause and effect relationships can be
suggested and predicted for complex natural and human
designed systems by examining what is known about
smaller scale mechanisms within the system. Systems can
be designed to cause a desired effect. Changes in systems
may have various causes that may not have equal effects.
(

Systems and System Models

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows— within
and between systems at different scales. (c)

Structure and Function

Investigating or designing new systems or structures
requires a detailed examination of the properties of
different materials, the structures of different components,
and connections of components to reveal its function
and/or solve a problem. The functions and properties of
natural and designed objects and systems can be inferred
from their overall structure, the way their components are
shaped and used, and the molecular substructures of its
various materials. (a),(b),(e)

Stability and Change

Much of science deals with constructing explanations of
how things change and how they remain stable. Change
and rates of change can be quantified and modeled over
very short or very long periods of time. Some system
changes are irreversible. Feedback (negative or positive)
can stabilize or destabilize a system. Systems can be
designed for greater or lesser stability. (d)
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HS.LS-SFIP Structure, Function, and Information Processing

HS.LS-SFIP _ Structure, Function, and Information Processing

Connections to other topics in this grade-level: HS.ESS-CC, HS.PS-CR, HS.PS-E, HS.ETS-ETSS

Articulation across grade-levels: MS.LS-SFIP

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]

ELA-

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively uating.the credibility and accuracy of each
source.

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their own experi i n thefindings support or contradict
previous explanations or accounts.

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g., visually, q j ke informed decisions

and solve problems, evaluating the credibility and accuracy of each source and noting any discr;
RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a edherept understanding of a process, phenamenon, or concept, resolving
conflicting information when possible.

Mathematics —
S.ID Summarize, represent, and interpret data on two categorical and quantitative variables
S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational studie:
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HS.LS-MEOE Matter and Energy in Organisms and Ecosystems

HS.LS-MEOE

Matter and Energy in Organisms and Ecosystems

Students who demonstrate understanding can:

a. Construct a model to support explanations of the process of photosynthesis by which lightenergy is converted to stored
chemical energy. [Clarification Statement: Models may include diagrams and chemical equations. The focus should be ofi the fléw of matter and energy through plants.]
[Assessment Boundary: Limited to the inputs and outputs of photosynthesis and chemosynthesis, not the specific biochemicél steps’involved.]

b. Construct an explanation of how sugar molecules that contain carbon, hydrogen, aind oxygen are combined with other

elements to form amino acids and other large carbon-based molecules. [Carification/Statement:Explanations should include descriptions of how
the cycling of these elements provide evidence of matter conservation.] [Assessment Boundary: Focus is on conceptual uriderstanding of the cycling of matter and the basic

building blocks of organic compounds, not the actual process.]

C. Use a model to explain cellular respiration as a chemical process whereby the bonds of food molecules and oxygen

molecules are broken and bonds in new compounds are formed that resilt in’a net transfer of energy. [Assessment Boundary:
Limited to the conceptual understanding of the inputs and outputs of metabolism, not the specific stegs. ]

d. Evaluate data to compare the energy efficiency of aerobic and anaerobic respiration within organisms. [Assessment Boundary:

Limited to a comparison of ATP input and output.]

e. Use data to develop mathematical models to describe the flow of matter and eriergy between organisms and the

ecosystem. [Assessment Boundary: Use data on energy stored in biomass that is transferred from™one tréphic JeVel to another.]

f. Communicate descriptions of the roles of photosynthesis and cellular respiratioh in the carbon cycle specific to the carbon
exchanges among the biosphere, atmosphere, oceans, and geosphere through chemical, physical, geological, and

biological processes.

g. Provide evidence to support explanations of how elements-and energy are conserved as they cycle through ecosystems
and how organisms compete for matter and energy. [Clarificatjon Statement: Elements included caminclude carbon, oxygen, hydrogen, and nitrogen.]

The performance expectations above were developed using the following eiements from the NRC-document.A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using,
synthesizing, and constructing models to predict and exp!ain
relationships between systems and their components iri the
natural and designed world.
= Use multiple types of models to represent and explain
phenomena and move flexibly between model types based on
merits and limitations. (a),(c),(e)
= Construct, revise, and use models to predict and-explain
relationships between systems and-their components. (a),(c)
= Use models (including mathematical and-computational) to
generate data to explain and‘predict phenomena, analyze
systems, and solve probleins. (e)
= Examine merits and limitations‘of various models in order to
select or revise a model that best fits the evidence or the
design criteria. (a),(c)
Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on K-8 and progresses to
introducing more detailed statistical analysis, the.comparison of
data sets for consistency, and the use of models to generate and
analyze data.
= Use tools, technologies, and/or models (e.g., computational,
mathematical) to generate and analyze data in crder to make
valid and reliable scientific claims or determine an cptimal
design solution. (d)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9—12 builds
on K-8 experiences and progresses to explanations and designs
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific
knowledge, principles, and theories.
= Make quantitative claims regarding the relationship between
dependent and independent variables. (g)
= Apply scientific reasoning, theory, and models to link evidence
to claims and show why the data are adequate for the
explanation or conclusion. (g)
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (b),(g)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12
builds on 6-8 and progresses to evaluating the validity and
reliability of the claims, methods, and designs.
= Critically read scientific literature adapted for classroom use to
identify key ideas and major points and to evaluate the
validity and reliability of the claims, methods, and designs. (f)
= Generate, synthesize, communicate, and critique claims,
methods, and designs that appear in scientific and technical
texts or media reports. (f)

LS1.C: Organization for Matter and Energy Fiow in Organisms

=_The process of photasynthesis converts light energy to stored
chemical energy by converting carbon dioxide plus water into
sugars plus released oxygen: The sugar molecules thus formed
contain carbon, hydrogen, and oxygen: their hydrocarbon
bagkbories are used to make amino acids and other carbon-based
molecules that-can be assembled into larger molecules (such as
proteins or DNA), used for example to form new cells. (a),(b),(g)

= As.inatter and-energy flow through different organizational levels
cof living systems, chemical elements are recombined in different
ways to form different products. (b),(c)

= As a result of these chemical reactions, energy is transferred from
one system of interacting molecules to another. For example,
aerobic (in the presence of oxygen) cellular respiration is a
chemical process whereby the bonds of food molecules and
oxygen molecules are broken and new compounds are formed
that can transport energy to muscles. (c),(d)

= Anaerobic (without oxygen) cellular respiration follows a different
and less efficient chemical pathway to provide energy in cells. (d)

= Cellular respiration also releases the energy needed to maintain
body temperature despite ongoing energy loss to the surrounding
environment. (c)

= Matter and energy are conserved in each change. This is true of
all biological systems, from individual cells to ecosystems. (g)

LS2.B: Cycles of Matter and Energy Transfer in Ecosystems

= Photosynthesis and cellular respiration (including anaerobic
processes) provide most of the energy for life processes. (c),(e)

= Plants or algae form the lowest level of the food web. At each link
upward in a food web, only a small fraction of the matter
consumed at the lower level is transferred upward, to produce
growth and release energy in cellular respiration at the higher
level. Given this inefficiency, there are generally fewer organisms
at higher levels of a food web, and there is a limit to the number
of organisms that an ecosystem can sustain. (e)

= The chemical elements that make up the molecules of organisms
pass through food webs and into and out of the atmosphere and
soil, and they are combined and recombined in different ways. At
each link in an ecosystem, matter and energy are conserved; (g)

= Some matter reacts to release energy for life functions, some
matter is stored in newly made structures, and much is discarded.
(b),(e)

= Competition among species is ultimately competition for the
matter and energy needed for life. (g)

= Photosynthesis and cellular respiration are important components
of the carbon cycle, in which carbon is exchanged between the
biosphere, atmosphere, oceans, and geosphere through chemical,
physical, geological, and biological processes. (f)

Crosscutting Concepts

Systems and System Models

Models (e.g., physical, mathematical,
computer models) can be used to
simulate systems and interactions—
including energy, matter, and
information flows— within and between
systems at different scales. (f),(g)
Energy and Matter

The total amount of energy and matter
in closed systems is conserved. Changes
of energy and matter in a system can be
described in terms of energy and matter
flows into, out of, and within that
system. Energy cannot be created or
destroyed—it only moves between one
place and another place, between
objects and/or fields, or between
systems. Energy drives the cycling of
matter within and between systems. In
nuclear processes, atoms are not
conserved, but the total number of
protons plus neutrons is conserved.

(a):(b),(c),(d).(e)
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HS.LS-MEOE Matter and Energy in Organisms and Ecosystems

HS.LS-MEOE Matter and Energy in Organisms and Ecosystems (continued)

Connections to other topics in this grave-level: HS.ESS-HS, HS.PS-CR, HS.PS-E, HS.PS-SPM

Articulation across grade-levels: MS.LS-MEOE, MS.LS-IRE

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]

ELA-
RI.9-10.1 Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences dra e text.
RI.9-10-8 Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is valid and the

statements and fallacious reasoning.

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or ch information expressed visually or
mathematically (e.g., in an equation) into words.

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., qua dia) in order to address a
question or solve a problem.

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data whén possible and corrol r challenging conclusions
with other sources of information.

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.

Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.4 Model with Mathematics.

MP.5 Use appropriate tools strategically.

S.ID Summarize, represent, and interpret data on a single count or measurement variable.

F.BF Build a function that models a relationship between two quantities.

N-Q Reason quantitatively and use units to solve problems.
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HS.LS-IRE Interdependent Relationships in Ecosystems

HS.LS-IRE

Interdependent Relationships in Ecosystems

Students who demonstrate understanding can:

a. Evaluate data to explain resource availability and other environmental factors that affect carrying capacity of ecosystems.
[Clarification Statement: The explanation could be based on computational or mathematical models. Environmental factors should incluge availability of living and nonliving
resources and from challenges (e.g., predation, competition, disease).]

b. Design solutions for creating or maintaining the sustainability of local ecosystems.
c. Construct and use a model to communicate how complex sets of interactions in ecosystems maintain relatively consistent
numbers and types of organisms for long periods of time when conditions are stable:
d. Construct arguments from evidence about the effects of natural biological or physical disturbances in terms of the time
needed to reestablish a stable ecosystem and how the new system differs from the original system. [Clarification Statement:
Computational models could be used to support collect evidence to support the argument.]
e. Use evidence to construct explanations and design solutions for the impact 6f human activities on the environment and
ways to sustain biodiversity and maintain the planet’s natural capitai. [Clarfication Statement: Explanations'and solutions should include
anthropogenic changes (e.g., habitat destruction, pollution, introduction of invasive species, overéxploitation, climate chafige).]
f. Argue from evidence obtained from scientific literature the role group behavior has ir’ increasing the charices of survival

for individuals and their genetic relatives.

g. Plan and carry out investigations to make mathematical comparisons of the‘popuilations and biodiversities of two similar
ecosystems at different scales. [Clarification Statement: Students compare, mathematically;. the biodiversity of a small ecosystem to a large ecosystem (e.g., woodlot

to a forest, small pond near a city to a wetland estuary).]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:.

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using, synthesizing,
and constructing models to predict and explain relationships between
systems and their components in the natural and designed world,
= Construct, revise, and use models to predict and explain
relationships between systems and their components. (¢)
= Use models (including mathematical and computational) to
generate data to explain and predict phenomena, @nalyze
systems, and solve problems. (c)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or test
solutions to problems in 9—12 builds on K-8 experiences and
progresses to include investigations that buiid, test, and revise
conceptual, mathematical, physical, and empirical models.
= Plan and carry out investigations indivigually and coitaboratively
and test designs as part of building-and revising models;
explaining phenomena, ortesting solutions to problems. Censider:
possible confounding variables oreffects and ensure the
investigation’s design has controlled for them. (g)
Constructing Explanations and Desigrning Solutions
Constructing explanations and designing solutions in 9-12 builds on/K-
8 experiences and progresses to explanations arnd designs that are
supported by multiple and independent student-generated sources of
evidence consistent with scientific knowledge, principies, and theories
= Make quantitative claims regarding the relaticnship between
dependent and independent variables. (b),(e)
= Apply scientific reasoning, theory, and models to link eviderice to
claims and show why the data are adequate for the explanation or
conclusion. (e)
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (e)
= Apply scientific knowledge to solve design problems by taking into
account possible unanticipated effects. (b),(e)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-8
experiences and progresses to using appropriate and sufficient
evidence and scientific reasoning to defend and critique claims and
explanations about the natural and designed world. Arguments may
also come from current scientific or historical episodes in science.
= Evaluate the claims, evidence, and reasoning of currently
accepted explanations or solutions as a basis for the merits of
arguments. (d),(f)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12 builds
on 6-8 and progresses to evaluating the validity and reliability of the
claims, methods, and designs.
= Critically read scientific literature adapted for classroom use to
identify key ideas and major points and to evaluate the validity
and reliability of the claims, methods, and designs. (a)
= Generate, synthesize, communicate, and critique claims, methods,
and designs that appear in scientific and technical texts or media
reports. (a)

LS2.A: Interdependent Relationships in Ecosystems
= Ecosystems have'carrying capacities, which are limits'to the
numbers of okganisms and‘populations they car-support.
These limits result from/Such factors as the avaitability of living
and nonliving resourcés and‘from such challenges such as
predation, competition, and disease. Organisms would have the
capacity to produce populations of great size were it not for the
fact that environments and resources are finite. This
fundamental tension affects\the abundance (number of
individuals) of species in any given ecosystem. (a),(qg)
LS2.C: Ecosystem Bynamics, Functioning, and Resilience
= A-cemplex set of interactions within an ecosystem can keep its
numbers and types-ef grganisms relatively constant over long
periods of time under stable conditions. (c)
= If\a modest biological or physical disturbance to an ecosystem
occurs, it may return to its more or less original status (i.e., the
ecosystem is resilient), as opposed to becoming a very
different ecosystem. (d)
= Extreme fluctuations in conditions or the size of any population,
however, can challenge the functioning of ecosystems in terms
of resources and habitat availability. (a),(d)
= Moreover, anthropogenic changes (induced by human activity)
in the environment—including habitat destruction, pollution,
introduction of invasive species, overexploitation, and climate
change—can disrupt an ecosystem and threaten the survival of
some species. (e)
LS2.D: Social Interactions and Group Behavior
= Animals, including humans, having a strong drive for social
affiliation with members of their own species and will suffer,
behaviorally as well as physiologically, if reared in isolation,
even if all their physical needs are met. Some forms of
affiliation arise from the bonds between offspring and parents.
Other groups form among peers. Group behavior has evolved
because membership can increase the chances of survival for
individuals and their genetic relatives. (f)
LS4.D: Biodiversity and Humans
= Biodiversity is increased by the formation of new species
(speciation) and decreased by the loss of species (extinction).
Biological extinction, being irreversible, is a critical factor in
reducing the planet’s natural capital. (d),(e)
= Humans depend on the living world for the resources and other
benefits provided by biodiversity. But human activity is also
having adverse impacts on biodiversity through overpopulation,
overexploitation, habitat destruction, pollution, introduction of
invasive species, and climate change. These problems have the
potential to cause a major wave of biological extinctions—as
many species or populations of a given species, unable to
survive in changed environments, die out—and the effects may
be harmful to humans and other living things. Thus sustaining
biodiversity so that ecosystem functioning and productivity are
maintained is essential to supporting and enhancing life on
Earth. Sustaining biodiversity also aids humanity by preserving
landscapes of recreational or inspirational value. (b),(e)

Crosscutting Concepts

Cause and Effect

Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. Cause and
effect relationships can be suggested
and predicted for complex natural and
human designed systems by examining
what is known about smaller scale
mechanisms within the system.
Systems can be designed to cause a
desired effect. Changes in systems may
have various causes that may not have
equal effects. (a),(f)

Scale, Proportion, and Quantity
The significance of a phenomenon is
dependent on the scale, proportion,
and quantity at which it occurs. Some
systems can only be studied indirectly
as they are too small, too large, too
fast, or too slow to observe directly.
Patterns observable at one scale may
not be observable or exist at other
scales. Using the concept of orders of
magnitude allows one to understand
how a model at one scale relates to a
model at another scale. (g)

Stability and Change

Much of science deals with constructing
explanations of how things change and
how they remain stable. Change and
rates of change can be quantified and
modeled over very short or very long
periods of time. Some system changes
are irreversible. Feedback (negative or
positive) can stabilize or destabilize a
system. Systems can be designed for
greater or lesser stability. (b),(c),(d),(e)
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HS.LS-IRE Interdependent Relationships in Ecosystems

HS.LS-IRE Interdependent Relationships in Ecosystems (continued)

Connections to other topics in this grade-level: HS.ESS-HE, HS.ESS-ES, HS.ESS-HS

Articulation across grade-levels. MS.LS-IRE, MS.LS-NSA, MS.LS-MEOE

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]
ELA—
RI.9-10.1 Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences drawn fr:
RI.9-10-8 Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is valid and the eviderice is
statements and fallacious reasoning.
W.9-10.1  Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.
W.11-12.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and releva i
SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, ating‘the credibility and accuracy of each source.
SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitativeiy, oralty) in order to make informed decisions

evant and sufficient identify false

RST.9-10.10 By the end of grade 10, read and comprehend science/technical texts in the grades 9-10 text comple
Mathematics —

MP.1 Make sense of problems and persevere in solving them.
MP.3 Construct viable arguments and critique the reasoning of others.
N-Q Reason quantitatively and use units to solve problems.
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HS.LS-NSE Natural Selection and Evolution

HS.LS-NSE Natural Selection and Evolution

Students who demonstrate understanding can:

a. Use models to explain how the process of natural selection is the result of four factors: (1) the potential for a species to
increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual reproduction, (3)
competition for limited resources, and (4) the selection of those organisms that are better able to survive and reproduce in
the environment. [Clarification Statement: Mathematical models may be used to communicate the explanation or£0 genefate evidence supporting the explanation. ]

b. Use evidence to explain the process by which natural selection leads to adaptations that result in populations dominated by
organisms that are anatomically, behaviorally, and physiologically able to suryvive and;or reproduce in a specific
environment. [Assessment Boundary: Evidence should center on survival advantages of selected traits faidifferént environmental thanges such as temperature, climate,

acidity, light.]

C. Analyze and interpret data to explain the process by which organisms with an advantageous heritable trait tend to increase
in numbers in future generations; but organisms that lack an advantzageovis heritable trait tend to decrease in numbers in

future generations.

d. Obtain and communicate information describing how changes in‘environmental conditions can affect.the distribution of
traits in a population and cause increases in the numbers of some species, the'emergence of new speciés, and the

extinction of other species.

o

embryological appearance as evidence to support multiple iines of descent.in evolution.
f. Plan and carry out investigations to gather evidence of patterns in the relationship between natural selection and changes
in the environment. [Clarification Statement: A possible investigation coyld be to study fruit flies and the nimber ox_eggs, larvae, and flies that hatch in response to

environmental changes such as temperature, moisture, and acidity.]

Use evidence obtained from new technologies to compare similarity in DNA sequences, anatomical structures, and

The performance expectations above were developed using the followirig elements from the NRC document A Framework for K-12 Science Education:.

Science and Engineering Practices —

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using, synthesizing, and
constructing models to predict and explain relationships between systems and
their components in the natural and designed world.
= Use multiple types of models to represent and explain.phenomena and
move flexibly between model types based on merits and- limitations. (a)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer-guestions or test solutions to
problems in 9-12 builds on K-8 experiences and progresses.to include
investigations that build, test, and revise conceptuat, mathematical, physical,
and empirical models.
= Evaluate various methods of collecting data (e.g., field study, experimental
design, simulations) and@nalyze: components of the design'in terrns of
various aspects of the study. Decide types, how much, and accuracy of data
needed to produce reliable measurement and consider any limitations on the
precision of the data (e.g., number of trials, cost, risk, time). (f)
Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on K-8 and progresses to introducing morz
detailed statistical analysis, the comparison of data sets for consistency, and the
use of models to generate and analyze data.
= Use tools, technologies, and/or models (e.g., computaticnal, mathematical)
to generate and analyze data in order to make valid and relizble scientific
claims or determine an optimal design solution. (c)
= Consider limitations (e.g., measurement error, sample selection) when
analyzing and interpreting data. (c)
= Compare and contrast various types of data sets (e.g., self-generated,
archival) to examine consistency of measurements and observations. (c)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9-12 builds on K-8
experiences and progresses to explanations and designs that are supported by
multiple and independent student-generated sources of evidence consistent with
scientific knowledge, principles, and theories.
= Apply scientific reasoning, theory, and models to link evidence to claims and
show why the data are adequate for the explanation or conclusion. (b)
= Construct and revise explanations and arguments based on evidence
obtained from a variety of sources (e.g., scientific principles, models,
theories) and peer review. (b)
= Base casual explanations on valid and reliable empirical evidence from
multiple sources and the assumption that natural laws operate today as they
did in the past and will continue to do so in the future. (b)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12 builds on 6-8
and progresses to evaluating the validity and reliability of the claims, methods,
and designs.
= (Critically read scientific literature adapted for classroom use to identify key
ideas and major points and to evaluate the validity and reliability of the
claims, methods, and designs. (d),(e)
= Generate, synthesize, communicate, and critique claims, methods, and
designs that appear in scientific and technical texts or media reports. (d),(e)

LS4.A: Evidence of Common Ancestry and Diversity
= Genetic informiation, like the fossil record, also provides
evidence of evolution. DNA sequences vary among species,
but there are many overlaps; in fact, the ongoing
branching that produces multiple lines of descent can be
inferred by coimparihg the DNA sequences of different
organisms. Such,information is also derivable from the
similarities and differences in amino acid sequences and
from anatomical and embryological evidence. (e)
LS4.B: Natural Selection
= Natural selection occurs only if there is both (1) variation
in the genetic information between organisms in a
population and (2) variation in the expression of that
genetic information—that is, trait variation—that leads to
differences in performance among individuals. (a),(c)
= The traits that positively affect survival are more likely to
be reproduced, and thus are more common in the
population. (b),(c),(d),(f)
LS4.C: Adaptation
= Natural selection is the result of four factors: (1) the
potential for a species to increase in number, (2) the
genetic variation of individuals in a species due to mutation
and sexual reproduction, (3) competition for an
environment's limited supply of the resources that
individuals need in order to survive and reproduce, and (4)
the ensuing proliferation of those organisms that are better
able to survive and reproduce in that environment. (a)
= Natural selection leads to adaptation, that is, to a
population dominated by organisms that are anatomically,
behaviorally, and physiologically well suited to survive and
reproduce in a specific environment. That is, the
differential survival and reproduction of organisms in a
population that have an advantageous heritable trait leads
to an increase in the proportion of individuals in future
generations that have the trait and to a decrease in the
proportion of individuals that do not. (b),(c),(f)
= Adaptation also means that the distribution of traits in a
population can change when conditions change. (d)
= Changes in the physical environment, whether naturally
occurring or human induced, have thus contributed to the
expansion of some species, the emergence of new distinct
species as populations diverge under different conditions,
and the decline—and sometimes the extinction—of some
species. (d)
= Species become extinct because they can no longer survive
and reproduce in their altered environment. If members
cannot adjust to change that is too fast or drastic, the
opportunity for the species’ evolution is lost. (d)

Crosscutting Concepts

Patterns

Different patterns may be observed
at each of the scales at which a
system is studied and can provide
evidence for causality in
explanations of phenomena.
Classifications or explanations used
at one scale may fail or need
revision when information from
smaller or larger scales is
introduced; thus requiring
improved investigations and
experiments. Patterns of
performance of designed systems
can be analyzed and interpreted to
reengineer and improve the
system. (c),(e),(f)

Cause and Effect

Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. Cause
and effect relationships can be
suggested and predicted for
complex natural and human
designed systems by examining
what is known about smaller scale
mechanisms within the system.
Systems can be designed to cause
a desired effect. Changes in
systems may have various causes
that may not have equal effects.

(a)/(b),(d)
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HS.LS-NSE Natural Selection and Evolution

HS.LS-NSE Natural Selection and Evolution (continued)

Connections to other topics in this grade-level: HS.ESS-HE, HS.ESS-CC

Articulation across grade-levels: MS.LS-NSA, MS.LS-GDRO

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-

RI.9-10.1 Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences drawn fro

RI.9-10-8 Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is valid and the eviden
statements and fallacious reasoning.

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) ing the credibility and accuracy of each
source.

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitatively,
and solve problems, evaluating the credibility and accuracy of each source and noting any discrepancies am

Mathematics —

MP.3 Construct viable arguments and critique the reasoning of others.

N-Q Reason quantitatively and use units to solve problems

S.ID Summarize, represent, and interpret data on a single count or measurement variable

S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational Studie;
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HS.LS-IVT Inheritance and Variation of Traits

HS.LS-IVT Inheritance and Variation of Traits

Students who demonstrate understanding can:

a. Ask questions and obtain information about the role of patterns of gene sequences in DNA/tolecules and subsequent

inheritance of traits.

b. Use a model to explain how mitotic cell division results in daughter cells with identicai patterns of genetic materials
essential for growth and repair of multicellular organisms. [Assessment Boundary: The focus/4s on cghceptual understanding of the process; the details

of the individual steps are beyond the intent.]

C. Construct an explanation for how cell differentiation is the result of activation or indctivation of specific genes as well as
small differences in the immediate environment of the cells. [Assessment Boundary{ Limitéd to the concept that a single cell develops into a variety of

differentiated cells and thus, a complex organism.]

d. Use a model to describe the role of cellular division and differentiation 6 preduce and maintain complex organisms

composed of organ systems and tissue subsystems that work together to rmeet the needs of the entire organism. [Clarification
Statement: The focus is on the conceptual understanding that a single cell can give rise to complek, multicellular organisms consisting of many differant cells with identical genetic
material.] [Assessment Boundary: Limited to the concept that a single cell develops into a variéty of differentiated cells’ant\thus, a complex organism.]

e. Communicate information about the role of the structure of DNA and the mechznisms in meiosis for transmitting genetic
information from parents to offspring. [Assessment Boundary: The focus is on cohceptuakunderstanding of the process; details of the individual steps of the

process of meiosis are beyond the intent.]

f. Communicate information that inheritable genetic variations may result from:_ (1) genetic combinations in haploid sex
cells, (2) errors occurring during replication, (3) crossover between homologous.chromosomes during meiosis, and (4)

environmental factors. [Clarification Statement: Information on genetic variation should include evidence of tnderstanding the probability of variations and the rarity of
mutations.] [Assessment Boundary: The focus is on conceptual understanding of the\sourees of genetic variation that are heritable.]

g. Use probability to explain the variation and distribution of expressed traits.in a population. [Assessment Boundary: Hardy-Weinberg

calculations are beyond the intent of this standard.]

The performance expectations above were developed using the following elements fromi the NRC-document-A4 Framework for K-12 Science Education:.

Science and Engineering Practices |

Asking Questions and Defining Problems
Asking questions and defining problems in grades 9-12 builds from
grades K-8 experiences and progresses to formulating, refining,.and
evaluating empirically testable questions and explanatory models and
simulations.
= Ask questions that arise from phenomena, models, theory, or
unexpected results. (a)
= Ask questions that challenge the premise of an argument, the
interpretation of a data set, or the-Suitability-of a-design. (a)
Developing and Using Models
Modeling in 9-12 builds on K-8 arid progresses to using, synthesizing,
and constructing models to predict ard explain relationships between
systems and their components in-the natural and designed world.
= Use multiple types of models to represent and explain phenomena
and move flexibly between model types based on merits and
limitations. (b)
Using Mathematics and Computationai Thinking
Mathematical and computational thinking at the 9-12 level builds on
K-8 and progresses to using algebraic thinking and analysis, a raiige
of linear and nonlinear functions including trigonometric functions,
exponentials and logarithms, and computational tools for statisticai
analysis to analyze, represent, and model data. Simple computational
simulations are created and used based on mathematical medels of
basic assumptions.
= Use statistical and mathematical techniques and structure data
(e.g. displays, tables, graphs) to find regularities, patterns (e.g.
fitting mathematical curves to data), and relationships in data. (g)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9-12 builds on K-
8 experiences and progresses to explanations and designs that are
supported by multiple and independent student-generated sources of
evidence consistent with scientific knowledge, principles, and theories.
= Apply scientific reasoning, theory, and models to link evidence to
claims and show why the data are adequate for the explanation or
conclusion. (c),(d)
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, and theories) and peer review. (c),(d)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12 builds
on 6-8 and progresses to evaluating the validity and reliability of the
claims, methods, and designs.
= Critically read scientific literature adapted for classroom use to
identify key ideas and major points and to evaluate the validity
and reliability of the claims, methods, and designs. (f)
= Generate, synthesize, communicate, and critique claims, methods,
and designs that appear in scientific and technical texts or media
reports. (e),(f)

LS1.B: Growth and Develapment of Organisms

In multicellular organisms individual cells grow and then divide
vig a process called mitosis, thereby allowing the organism to
grow. /The organism begins as a single cell (fertilized egg) that
divides successively to proeduce’many cells, with each parent
cell passing identical genetic-material (two variants of each
chfomosome-pair) to both-daughter cells. (a),(b)

As successive subdivisions of an embryo’s cells occur,
programmed genetic instructions and small differences in their
immediate environments activate or inactivate different genes,
which cause the cells to develop differently—a process called
differentiation. Cellular division and differentiation produce and
maintain a@ complex organism, composed of systems of tissues
and ordans that work together to meet the needs of the whole
organism. (b),(c),(d)

In sexual reproduction, a specialized type of cell division called
meiosis occurs that results in the production of sex cells, such
as gametes in animals (sperm and eggs), which contain only
one member from each chromosome pair in the parent cell. (e)

LS3.A: Inheritance of Traits

In all organisms the genetic instructions for forming species”
characteristics are carried in the chromosomes. (f)

Each chromosome consists of a single very long DNA molecule,
and each gene on the chromosome is a particular segment of
that DNA. The instructions for forming species’ characteristics
are carried in DNA. (a)

All cells in an organism have the same genetic content, but the
genes used (expressed) by the cell may be regulated in
different ways. Not all DNA codes for a protein; some
segments of DNA are involved in regulatory or structural
functions, and some have no as-yet known function. (c),(f),(g)

LS3.B: Variation of Traits

The information passed from parents to offspring is coded in
the DNA molecules that form the chromosomes. (a)

In sexual reproduction, chromosomes can sometimes swap
sections during the process of meiosis (cell division), thereby
creating new genetic combinations and thus more genetic
variation. (f)

Although DNA replication is tightly regulated and remarkably
accurate, errors do occur and result in mutations, which are also
a source of genetic variation. Environmental factors can also
cause mutations in genes, and viable mutations are inherited.
()

Environmental factors also affect expression of traits, and hence
affect the probability of occurrences of traits in a population.
Thus the variation and distribution of traits observed depends
on both genetic and environmental factors. (g)

Crosscutting Concepts

Patterns

Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
Classifications or explanations used at one
scale may fail or need revision when
information from smaller or larger scales is
introduced; thus requiring improved
investigations and experiments. Patterns
of performance of designed systems can
be analyzed and interpreted to reengineer
and improve the system. Mathematical
representations are needed to identity
some patterns. (a),(b)

Cause and Effect

Empirical evidence is required to
differentiate between cause and
correlation and make claims about specific
causes and effects. Cause and effect
relationships can be suggested and
predicted for complex natural and human
designed systems by examining what is
known about smaller scale mechanisms
within the system. Systems can be
designed to cause a desired effect.
Changes in systems may have various
causes that may not have equal effects.
(©).(F.(9)

Systems and System Models

Models (e.g., physical, mathematical,
computer models) can be used to simulate
systems and interactions—including
energy, matter, and information flows—
within and between systems at different
scales. (d)

Structure and Function

Investigating or designing new systems or
structures requires a detailed examination
of the properties of different materials, the
structures of different components, and
connections of components to reveal its
function and/or solve a problem. The
functions and properties of natural and
designed objects and systems can be
inferred from their overall structure, the
way their components are shaped and
used, and the molecular substructures of
its various materials. (e)
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HS.LS-IVT Inheritance and Variation of Traits

HS.LS-IVT Inheritance and Variation of Traits (continued)

Connections to other topics in this grade-level: HS.LS-NSE

Articulation across grade-levels: MS.LS-GDRO

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-

SL.1 Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others into the
discussion; and clarify, verify, or challenge ideas and conclusions.

W.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.

w.9 Draw evidence from literary or informational texts to support analysis, reflection, and research.

RST.9-10.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.

RST.9-10.8 Assess the extent to which the reasoning and evidence in a text support the author’s claim or a recommendation for solving

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their own experiments), noting
explanations or accounts.

ic or technical problem.
findings support or contradict previous

Mathematics -

MP.2 Reason abstractly and quantitatively.

F.BF Build a function that models a relationship between two quantities.
A.CED Create equations that describe numbers or relationships.

S.MD Use probability to evaluate outcomes of decisions
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MS.ESS-SS Space Systems

MS.ESS-SS Space Systems \

Students who demonstrate understanding can:
a. Construct explanations for the occurrences of day/night cycles, seasons, tides, ecli ar phases based on

not used as the basis for evidence at

this level.]

b. Obtain, evaluate, and communicate information about the expansion

Milky Way Galaxy, and universe. [Assessment Boundary:
scale.]

and gas drawn together by gravity.

The performance expectations abovyﬂﬁeﬁehped using the followihg elements from the NRC document A Framework for K-12 Science-Education:

Crosscutting Concepts

Patterns

Macroscopic patterns are related to the nature of
microscopic and atomic-level structure. Patterns in
rates of change and other numerical relationships can
provide information about natural and human

Bang. Nearly all observable designed systems. Patterns can be used to identify
rogen or helium, which formed in | cause and effect relationships. Graphs and charts can
C S f ig Bang. (b) be used to identify patterns in data. (a),(d)
representing i . i m-are part of the Milky Way galaxy,

Constructing E ati igni ich i any galaxies in the universe. (c)

Solutions .B: Earth and the Solar System

i e solar system consists of the sun and a collection of
objects, including planets, their moons, and asteroids that are
held in orbit around the sun by its gravitational pull on them.

Scale, Proportion, and Quantity

Time, space, and energy phenomena can be observed
at various scales using models to study systems that
are too large or too small. The observed function of
natural and designed systems may change with scale.

This system appears to have formed from a disk of dust and b
> gas, drawn together by gravity. (d) Proportional relationships (e.g. speed as the ratio of
= Base explanations on eviderice and the assumption = This model of the solar system can explain tides, eclipses of distance traveled to time taken) among different types
that natural laws operate today as they did in the the sun and the moon, and the apparent motions of the of quantities provide information about the magnitude
past and will continue to.do so in the future. (a) planets in the sky relative to the stars. (a) of properties and processes. Scientific relationships
Obtaining, Evaluating, and Communicating = Earth’s spin axis is fixed in direction (in the short-term) but can be represented through the use of algebraic
Information tilted relative to its orbit around the sun; the differential expressions and equations. (c)
Obtaining, evaluating, and communicating information intensity of sunlight on different areas of Earth over the year
in 6-8 builds on 3-5 and progresses to evaluate the is a result of that tilt, as are the seasons that result. (a)
merit and validity of ideas and methods. PS2.C: Stability and Instability in Physical Systems
= Read critically using scientific knowledge and = A system can be changing but have a stable repeating cycle
reasoning to evaluate data, hypotheses, of changes; such observed regular patterns allow predictions
conclusions, and competing information. (b) about the system’s future (e.g., Earth orbiting the sun). (a)

Connections to other DCIs in this grade-level: MS.LS-GDRO, MS.PS-FM, MS.PS-IF, MS.PS-E

Articulation to DCIs across grade-levels: 1.PC, 5.SSS, HS.ESS-SS

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.

W.6.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

W.7.1 Write arguments to support claims with clear reasons and relevant evidence.

W.7.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye contact,
adequate volume, and clear pronunciation.

w.8.1 Write arguments to support claims with clear reasons and relevant evidence.

w.8.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunciation.

Mathematics —

MP.4 Model with mathematics

8.F Use functions to model relationships between quantities
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MS.ESS-HE The History of Earth

MS.ESS-HE The History of Earth

Students who demonstrate understanding can:

b.

Construct explanations for patterns in geologic evidence to determine the relative ages of a sequence of events that have

occurred in Earth’s past. [Clarification Statement: Evidence can be field evidence or representations (e.g., model of geologic cross-sections)«
sedimentary layering, fossilization, folding, faulting, igneous intrusion, and/or erosion.]

Events may include

Use models of the geologic time scale in order to organize major events in Earth’s history. ifieati afent: Models may be
temporal (e.g., clock) or spatial (e.g., football field).] [Assessment Boundary: Memorization of specific periods or epochs of the geglegic timescale is not intended.]
Construct explanations from evidence for how different geologic processes shape Ea r widely varying
scales of space and time. [Clarification Statement: Chemical erosion of a mountain occurs at molecular scafés while potntain building can ‘occur through large-scale
tectonic processes; meteor impacts are nearly instantaneous, mountain building can take many millions of year: is appropriate to use regional geographical features familiar to
students.]

Use empirical evidence from the rock and fossil records to investigate how pa aused major
extinctions of life forms on Earth and how these extinctions have subseque life forms'to flourish

Use models of the geosphere and biosphere that highlight syste nd
biosphere coevolve over geologic time. [Assessment Boundary: Use lexa and atmosphere

and distribution of water in the hydrosphere.]

The performance expectations above were developed using the following eléments from the.NRC document A'Framework for K-12 Science Education:_\

Crosscutting Concepts

Scale, Proportion, and Quantity

Time, space, and energy phenomena can be
observed at various scales using models to
study systems that are too large or too small.
The observed function of natural and
designed systems may change with scale. (a)

Proportional relationships (e.g. speed as the
ratio of distance traveled to time taken)
among different types of quantities provide
information about the magnitude of
properties and processes. Scientific
relationships can be represented through the
use of algebraic expressions and equations.

aterials and Systems
Earth’s systems interact over scales that range from
icroscopic to global in size, and operate over fractions of

ESS2.A: Earth’s

= Formulate a question that can b 2 second to billions of years. These interactions have ()
i i shaped Earth’s history and will determine its future. (c)
ESS2.E: Biogeology Stability and Change
= The evolution of life is shaped by Earth’s varying geologic Explanations of stability and change in
conditions. Sudden changes in these conditions (e.g., natural or designed systems can be
meteor impacts or major volcanic eruptions) have caused constructed by examining the changes over

Constructing explanations and designing olutlons in 6-8 builds on

mass extinctions in Earth’s past. However, these changes, time and forces at different scales, including

K-5 experiences and progresses to include constructing as well as more gradual ones, have also allowed other the atomic scale. Small changes in one part
explanations and designing solutions supported by multiple sources existing or new life forms to flourish. (d) of a system might cause large changes in
of evidence consistent with scientific knowledge, principles, and = Organisms continually evolve to new and often more another part. Stability might be disturbed
theories. complex forms as they adapt to new environments. (e) either by sudden events or gradual changes
= Apply scientific reasoning to show why the data are adequate = The evolution and proliferation of living things over that accumulate over time. Systems in
for the explanation or conclusion. (a) geologic time have in turn changed the rates of dynamic equilibrium are stable due to a
= Base explanations on evidence and the assumption that natural weathering and erosion of land surfaces, altered the balance of feedback mechanisms. (c),(d),(e)
laws operate today as they did in the past and will continue to composition of Earth’s soils and atmosphere, and affected
do so in the future. (c) the distribution of water in the hydrosphere. (e)

Connections to other DCIs in this grade-level: MS.LS-NSA, MS.LS-IRE

Articulation to DCIs across grade-levels: K.OTE, 2.I0S, 2.ECS, 4.PSE, HS.ESS-HE

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused
questions that allow for multiple avenues of exploration.

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.

W.6.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

SL.6.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on
others’ ideas and expressing their own clearly.

SL.6.3 Delineate a speaker’s argument and specific claims, distinguishing claims that are supported by reasons and evidence from claims that are not.

W.7.1 Write arguments to support claims with clear reasons and relevant evidence.

W.7.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

SL.7.3 Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and the relevance and sufficiency of the evidence.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye
contact, adequate volume, and clear pronunciation.

W.8.1 Write arguments to support claims with clear reasons and relevant evidence.

w.8.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

SL.8.3 Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and relevance and sufficiency of the evidence and identifying when
irrelevant evidence is introduced.

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunciation.

Mathematics —

MP.3 Reason abstractly and quantitatively

MP.4 Model with mathematics.

8.F Use functions to model relationships between quantities

8.SP Investigate patterns of association in biivariate data
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MS.ESS-EIP Earth’s Interior Processes

MS.ESS-EIP Earth’s Interior Processes

Students who demonstrate understanding can:

a. Use models to explain how the flow of energy drives a cycling of matter between Earth’s surface 2iid deep interior.
[Assessment Boundary: The thermodynamic processes that drive convection are not required, only a description of those motions. Explaitations should include mid-ocean ridges

and ocean trenches.]

b. Develop and use models of ancient land and ocean basin patterns to explain past plate motions, [Assessment Boundary:

Explanations should be based on fossil evidence, evidence from rock formations, continent shapes, and seafloor structores.]

c. Use representations of current plate motions, based on data from modern techniqueslike GPS, to predict future continent

locations. [Clarification Statement: Representations may include maps.]

d. Plan and carry out investigations that demonstrate the chemical arid physical processes that form rocks and cycle Earth

materials. [Assessment Boundary: Students should use various materials to replicate, simulate, and, demonstrate the processes of crystallizatjon, heating and cooling,
weathering, deformation, and sedimentation involved. Investigations should focusen connecting, cortelating, and identifyiig parts of the rock'\cycley]

e. Construct explanations for how the uneven distribution of Earth’s mineral\and energy resources, which are limited and
often non-renewable, are a result of past and current geologic processes, including plate motions.

f. Analyze and interpret data sets to describe the history of natural hazards in aregion to identify the patterns of hazards
that allow for forecasts of the locatioiis-and likelihood of \future events. [Assessment Boundary: Hazards are limiteq to-those resulting from

Earth'’s interior processes (e.g., volcanoes, earthquakes, tsunamis).]

The performance expectatiors above were developed using the following\elements from the NRC dacument A Framework for K-12 Science Education:

Science and Engineering Practices |

Developing and Using Modeis
Modeling in 68 builds on K-5 and progresses to developing,
using, and revising models-to expiain, explore, and predict
more abstract, phengmena and design systems:
= Use and/or construct models to predict, explain, and/or
collect data to test ideas about phenomena in\natural or
designed systems, including those representing inputs
and outputs. (a),(b),(c)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer cuestions
or test solutions to problems, in 6-8 builds on K-5 experiences
and progresses to include investigations that, use multiple
variables and provide evidence to support explanztions or
design solutions.
= Plan and carry out investigations individually and
collaboratively, identifying independent and dependent
variables and controls. (d)
Analyzing and Interpreting Data
Analyzing data in 6-8 builds on K-5 and progresses to
extending quantitative analysis to investigations,
distinguishing between correlation and causation, and basic
statistical techniques of data and error analysis.
= Use graphical displays (e.g., maps) of large data sets to
identify temporal and spatial relationships
= Distinguish between causal and correlational
relationships. (f)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6—8
builds on K-5 experiences and progresses to include
constructing explanations and designing solutions supported
by multiple sources of evidence consistent with scientific
knowledge, principles, and theories.
= Base explanations on evidence and the assumption that
natural laws operate today as they did in the past and
will continue to do so in the future. (e)

ESS1.C: The History of Planet Earth
¥ TeCtonic processes continually generate new ocean sea floor
at ridges and destroy ald sea floor at trenches. (a)
ESS2.A: Earth Materials and Systems
= Earth’s internal pracesses are the result of energy flowing
and-matter cyeling within and among the planet’s systems.
This eneray is derived-from Earth’s hot interior. The flow of
energy and cyclirig of matter produce chemical and physical
changes in Earth’s interior materials and living organisms.
(a
= Solid rocks can be formed by the cooling of molten rock, the
accumulation and consolidation of sediments, or the
alteration of older rocks by heat, pressure, and fluids. (d)
ESS2.B: Plate Tectonics and Large-Scale System
Interactions
= The top part of the mantle, along with the crust, forms
structures known as tectonic plates. (b),(c)
= Maps of ancient land and water patterns, based on
investigations of rocks and fossils, make clear how Earth’s
plates have moved great distances, collided, and spread
apart. (b)
ESS3.A: Natural Resources
= Humans depend on Earth’s interior for many different
resources. Mineral and energy resources are limited, and
many are not renewable or replaceable over human
lifetimes. These resources are distributed unevenly around
the planet as a result of past geologic processes. (e)
ESS3.B: Natural Hazards
= Some natural hazards, such as volcanic eruptions, are
preceded by phenomena that allow for reliable predictions.
Others, such as earthquakes, occur suddenly and with no
notice, and thus are not yet predictable. However, mapping
the history of natural hazards in a region and developing an
understanding of related geologic forces can help forecast
the locations and likelihoods of future events. (f)

Crosscutting Concepts

Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships
may be used to predict phenomena in natural or
designed systems. Phenomena may have more
than one cause, and some cause and effect
relationships in systems can only be described
using probability. (b),(c),(d)

Energy and Matter

Matter is conserved because atoms are conserved
in physical and chemical processes. Within a
natural or designed system, the transfer of
energy drives the motion and/or cycling of
matter.

Energy may take different forms (e.g. energy in
fields, thermal energy, energy of motion). The
transfer of energy can be tracked as energy flows
through a designed or natural system. (a),(e)
Connections to Engineering, Technology,
and Applications of Science

Influence of Science, Engineering, and
Technology, on Society and the Natural World
All human activity draws on natural resources and
has both short and long-term consequences,
positive as well as negative, for the health of
people and the natural environment. The uses of
technologies are driven by people’s needs,
desires, and values; by the findings of scientific
research; and by differences in such factors as
climate, natural resources, and economic
conditions. Technology use varies over time and
from region to region. (f)

Connections to other DCIs in this grade-level: MS.ESS-ESP, MS.PS-IF, MS.PS-E, MS.PS-CR, MS.PS-SPM

Articulation to DCIs across grade-levels: K.WEA, 2.ECS, 3.WCI, 4.PSE, 5.ESI, HS.ESS-ES, HS.ESS-HS

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused

Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye

Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use

ELA -
WHST.7

questions that allow for multiple avenues of exploration.
W.6.1 Write arguments to support claims with clear reasons and relevant evidence.
W.7.1 Write arguments to support claims with clear reasons and relevant evidence.
SL.7.4

contact, adequate volume, and clear pronunciation.
w.8.1 Write arguments to support claims with clear reasons and relevant evidence.
SL.8.4

appropriate eye contact, adequate volume, and clear pronunciation.
Mathematics —
MP.3 Reason abstractly and quantitatively
MP.4 Model with mathematics.
8.F Use functions to model relationships between quantities
8.SP Investigate patterns of association in bivariate data
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MS.ESS-ESP Earth’s Surface Processes

MS.E

SS-ESP  Earth’s Surface Processes

Students who demonstrate understanding can:

b

d.

e. Apply scientific knowledge to design engineered solutions to natu

Use models to explain how weathering, erosion, and deposition of Earth materials, by the movement of water, shape
landscapes and create underground formations. [Clarification Statement: Models may include maps.]
Model multiple pathways for the cycling of water through the atmosphere, geosphere; and hydrosphere as it changes

phase and moves in response to energy from the sun and the force of gravity. [AssesémentBoundary: Heat of vaporization and heat of
condensation are not to be addressed.]

deposition of surface and subsurface materials as evidence of how

flooding include building artificial levees and dams.]
Generate and revise causal explanations for how physical a
and organisms contribute to the weathering and erosion of rocks a

The performance expectations above were developed using the following elements from the-NRC doctiment A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 68 builds on K-5 and progresses to developing, .
using, and revising models to explain, explore, and predict more
abstract phenomena and design systems.
= Use and/or construct models to predict, explain, and/or
collect data to test ideas about phenomena in natural or
designed systems, including those representing inputs an
outputs. (a),(b)

Planni

Planning and carrying out investigations to answer questions or

test sol

progresses to include investigations that use multi
and provide evidence to support explanations or desi
= Plan and carry out investigations individually and
collaboratively, identifying independent and depende
variables, and controls. (c)

Crosscutting Concepts

Cause and Effect
Relationships can be classified as causal or
correlational, and correlation does not necessarily imply
causation. Cause and effect relationships may be used
>to predict phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability. (c),(d),(f)
Systems and System Models
Systems may interact with other systems; they may
have sub-systems and be a part of larger complex
systems. Models can be used to represent systems and
their interactions—such as inputs, processes, and
outputs—and energy, matter, and information flows
within systems. Models are limited in that they only
represent certain aspects of the system under study.

ng and Carrying Out Investigations

utions to problems in 6-8 builds on K-5 e

= Collect data and generate evide runoff on Iand Global movements of water and (a),(b)
questions or test design soldtions changes in its chemical phase are drivenby | __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______
conditions. (d) stinlight and gravity. (b) Connections to Engineering, Technology,
Constructing Explanatj d igni i jons in density due to variations in and Applications of Science
Constructing explanations and designing solutions in 68 builds © temperature and salinity drive a global pattern of
K-5 experiences and pro i i interconnected ocean currents. (c) Influence of Engineering, Technology, and Science
explanations and designing selutions i Water’s movements both on the land and on Society and the Natural World

sources of evidence consistent wi antifi underground cause weathering and erosion, which | All human activity draws on natural resources and has

principles, and theories change the land’s surface features and create both short and long-term consequences, positive as
= Apply scientific reasoning to shov underground formations. (a) well as negative, for the health of people and the
for the explanation or conclusion. ESS3.B: Natural Hazards natural environment. The uses of technologies are
= Apply scientific knowledge to explain real-worid exa = Surface-related geologic processes create natural driven by people’s needs, desires, and values; by the
events and solve design problems. (e) resources needed by humans and cause natural findings of scientific research; and by differences in
hazards that pose challenges to human society such factors as climate, natural resources, and
(e.g., landslides, coastal erosion). (e) economic conditions. Technology use varies over time

and from region to region. (e)

Connections to other DCIs in this grade-level: MS.ESS-EIP, MS.LS-MEOE MS.PS-IF, MS.PS-E, MS.PS-CR, MS.PS-WER, MS.PS-SPM

Articulation to DCIs across grade-levels: K.WEA, 3.WCI, 4.PSE, 5.ESI, HS.ESS-ES, HS.ESS-HS

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused
questions that allow for multiple avenues of exploration.

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.

W.7.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye
contact, adequate volume, and clear pronunciation.

w.8.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunciation.

Mathematics —

MP.3 Reason abstractly and quantitatively

MP.4 Model with mathematics.

7.RP Analyze proportional relationships and use them to solve real-world and mathematical problems

8.F Use functions to model relationships between quantities
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MS.ESS-WC Weather and Climate Systems

MS.ESS-WC Weather and Climate Systems

Students who demonstrate understanding can:

a. Generate and revise causal explanations given specific temperature and precipitation data sets at different geographic

locations to answer questions about interactions that influence weather. [Clarification Statement: Factors that interact and influence
weather should include sunlight, ocean, atmosphere, ice, landforms and living things.] [Assessment Boundary: Students consider interactions between only two variables at a

time.]

b. Construct models to describe and explain how circulation in the atmosphere‘and ocean results from unequal heating of

Earth’s surface and is influenced by latitude, altitude, geography, and Earth’s rotation. [Clarification Statement: Atmospheric and
oceanic circulation may include Hadley cells, the Gulf Stream, and the prevailing westerlies and trade winds.] [ASsessment Boundary: Students do not need to explain the

mechanism causing the Coriolis effect.]

c. Use mathematics to analyze weather data and forecasts to identify patteirns and variations that cause weather
forecasts to be issued in terms of probabilities. [Clarification Statement;~Averages and basic probability should be used to analyze weather data.]

d. Construct explanations, from models of oceanic and atmospheric circulation, for the development of local and regional
climates. [Assessment Boundary: Students should construct explanations for their/6wn local climate.]

e. Use models of Earth’s atmosphere and surface to explain low €nergy from the sun'is absorbed and retained by various
greenhouse gases in Earth’s atmosphere, thereby regulating Earth’s average surface temperature and keeping Earth

habitable. [Assessment Boundary: Explanations should include an understanding that ehergy cah take-different forms and\can be tracked as it moves through Earth’s
systems. Students do not have to explain the differing wavelengths of radjation received and reemitted from Earth’s surface. Amount of energy absorbed by different reservoirs

is not assessed at this level.]

f. Construct a model to track and explain the inputs; outputs, pathways, and storage of carbon among the geosphere,
biosphere, hydrosphere, and atmosphere. [AssessmentBolindary: Details of biogeochemical reactions involving carbon and actual amounts of reactants

and products are not assessed at this level.]

g. Use argumentation to evaluate the competing demands for various-human uses of fresh water and biosphere resources.
[Assessment Boundary: Arguments should take into agedunt the Teven distribtition\of the sesources and the natural limits to their availability. ]

h. Use maps and other visualizations to anailyze large data sets that-illustrate the frequency, magnitude, and resulting
damage from severe weather eveits irn order to assess the likelihood and-severity of future events.

The performance expectations above were developed using the following elemerits from the NRC document A Framework for K-12 Science Education:.

Science and Engineering Practices |

Developing and Using Models
Modeling in 6-8 builds on K-5 and progresses to
developing, using, and revising modeis to explain, explore,
and predict more abstract phenomena and. design systems.
= Use and/or construct models to predict, explain, and/or
collect data to test ideas about phenomena in natural or
designed systems, including those representing inputs
and outputs. (b),(e),(f)
Analyzing and Interpreting Data
Analyzing data in 6-8 builds on K-5 and progresses ta
extending quantitative analysis to investigation,
distinguishing between correlation and causation, and basic
statistical techniques of data and error analysis.
= Use graphical displays (e.g., maps) of large data sets to
identify temporal and spatial relationships. (h)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 6-8 level
builds on K-5 and progresses to identifying patterns in large
data sets and using mathematical concepts to support
explanations and arguments.
= Use mathematical concepts such as ratios, averages,
basic probability, and simple functions, including linear
relationships, to analyze data. (c)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6-8
builds on K-5 experiences and progresses to include
constructing explanations and designing solutions supported
by multiple sources of evidence consistent with scientific
knowledge, principles, and theories.
= Apply scientific reasoning to show why the data are
adequate for the explanation or conclusion. (a)
= Construct explanations from models or representations.
(d)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-
5 experiences and progresses to constructing a convincing
argument that supports or refutes claims for either
explanations or solutions about the natural and designed
world.
= Use oral and written arguments supported by empirical
evidence and reasoning to support or refute an
argument for a phenomenon or a solution to a problem.

((9)]

ESS2.C: The Roles of Water in Earth’s Surface Processes

= The complex patteirns.of the changes and the movement of
water in the atmosphere, determined by winds, landforms,
and ocean temperatures and currents, are major
determinants of local weather patterns. (a),(b),(d)

ESS2.D; Weather and Climate

= \Weather and climiate are influenced by interactions involving
sunlight, the ocean, the atmosphere, ice, landforms, and
living things. These interactions vary with latitude, altitude,
and local and regional geography, all of which can affect
oceanic and atmospheric flow patterns. (a),(b)

= Because these patterns are so complex, weather can only be
predicted probabilistically. (c),(e)

»” The ocean and land exert major influences on weather and
climate by absorbing energy from the sun, releasing it over
time, and globally redistributing it via oceanic and
atmospheric circulation. The patterns of differential heating,
together with Earth's rotation and the configuration of
continents and oceans, control the large-scale patterns of
oceanic and atmospheric circulation. (a),(b),(d)

= Greenhouse gases in the atmosphere absorb and retain the
energy radiated from land and ocean surfaces, thereby
regulating Earth’s average surface temperature and keeping
Earth habitable. (e)

ESS2.E: Biogeology

= Organisms ranging from bacteria to human beings are a
major driver of the global carbon cycle, and they influence
global climate by modifying the chemical makeup of the
atmosphere. (e),(f)

ESS3.A: Natural Resources

= Humans depend on Earth’s ocean, atmosphere, and
biosphere for many different resources. Fresh water and
biosphere resources are limited, and many are not renewable
or replaceable over human lifetimes. These resources are
distributed unevenly around the planet as a result of
weather-and climate-related processes. (g)

ESS3.B: Natural Hazards

= Severe weather events (e.g., hurricanes, floods, forest fires)
are often preceded by observable phenomena that allow for
reliable predictions. Constant monitoring of weather hazards
in a region and the development of an understanding of
related geologic forces can help forecast the locations and
likelihoods of future events. (h)

Crosscutting Concepts

Cause and Effect

Relationships can be classified as causal or

correlational, and correlation does not

necessarily imply causation. Cause and effect

relationships may be used to predict

phenomena in natural or designed systems.

Phenomena may have more than one cause,

and some cause and effect relationships in

systems can only be described using

probability. (a),(b),(c),(d),(h)

Energy and Matter

Energy may take different forms (e.g. energy

in fields, thermal energy, energy of motion).

The transfer of energy can be tracked as

energy flows through a designed or natural

system. (e),(f)

Connections to Engineering, Technology,

and Applications of Science

Influence of Engineering, Technology, and
Science on Society and the Natural World
All human activity draws on natural resources
and has both short and long-term
consequences, positive as well as negative, for
the health of people and the natural
environment. The uses of technologies are
driven by people’s needs, desires, and values;
by the findings of scientific research; and by
differences in such factors as climate, natural
resources, and economic conditions.
Technology use varies over time and from
region to region. (g)
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MS.ESS-WC Weather and Climate Systems

MS.ESS-WC Weather and Climate Systems

Connections to other DCIs in this grade-level: MS.LS-MEOE, MS.PS-IF, MS.PS-E, MS.PS-WER >

Articulation to DCIs across grade-levels: K.WEA, 3.WCL, 4.PSE, 4.E, HS.ESS-CC, HS.ESS-HS

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete i future’draft releases]

ELA -

WHST.7 Conduct short research projects to answer a question (including a self-generated question), i | sources and generating additional related, focused
questions that allow for multiple avenues of exploration.

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.

W.7.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent m i details and examples; use appropriate eye
contact, adequate volume, and clear pronunciation.

W.8.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner wi i i ing, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunciation.

Mathematics —

MP.3 Reason abstractly and quantitatively

MP.4 Model with mathematics.

7.RP Analyze proportional relationships and use them to solve real-world and mathematicaiproblems
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MS.ESS-HI Human Impacts

MS.ESS-HI Human Impacts

Students who demonstrate understanding can:

a. Use system models and representations to explain how human activities significantly impact: (1) the geosphere, (2) the

hydrosphere, (3) the atmosphere, (4) the biosphere, and (5) global temperatures. [Clarifying Statement: System models and representations
include diagrams, charts, and maps. Examples of human impact are changes in land use and resource developmerit (geosphere); water pollution and urbanization (hydrosphere);
air pollution in the form of gases, aerosols, and particulates (atmosphere); changes to natural environmehnts (biosphere); release of greenhouse gases (global temperatures).]

b. Generate and revise qualitative explanations from data for the impacts on'Earth’s systems that result from increases in

human population and rates of consumption. [Assessment Boundary: Studentsishalld be providechwith modified regional databases on human populations
and rates of consumption. “Impacts” include changes to the appearance, composition, and structure of Earth’s systems as Well as the rates at which they change.]

c. Design engineering solutions for stabilizing changes to communities by: (1) using water efficiently, (2) minimizing human
impacts on environments and local landscapes by reducing pollution, and (3) reducing the release of greenhouse gases.

d. Ask questions to refine and develop an explanation for the way technologicai monitoring of \Earth’s systems can provide
the means of informing the public of ways to modify human impacts on £artti’s systems.

e. Use empirical evidence to evaluate technologies thatutilize renewabie endrgy resources. [Assessment Boundary: Students will evaluate
these technologies based on their cost, benefit, sustainability, and environfiental itpacts.]

The performance expectations above were developed using the folléwing eiements from the NRC document A Framework for K-12 Science Education:.

Science and Engineering Practices

Asking Questions and Defining Problems

Asking questions and defining problems in grades 6-8 builds

from grades K-5 experiences and progresses to formulating
and refining empirically testable questions and explanatory.
models.
= Ask questions to refine a model, an explanation, or an
engineering problem. (d)
Developing and Using Models

Modeling in 68 builds on K-5 and progresses-to developing,

using, and revising models to explain, explore, and predict
more abstract phenomena and design systems:
= Use and/or construct models to predict, €xplain, and/or
collect data to test ideas about phenorinena‘in natural or
designed systems, including those representing.inputs
and outputs. (a)
Constructing Explanations and Designing Soiutions
Constructing explanations and designing solutions in €8
builds on K-5 experiences and progresses to include
constructing explanations and designing solutions supported
by multiple sources of evidence consistent with scientific
knowledge, principles, and theories.
= Apply scientific reasoning to show why the data are
adequate for the explanation or conclusion. (b)

= Apply scientific knowledge to explain real-world examples

or events and solve design problems. (c)

Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-5
experiences and progresses to constructing a convincing
argument that supports or refutes claims for either
explanations or solutions about the natural and designed
world.

= Use oral and written arguments supported by empirical

evidence and reasoning to support or refute an argument

for a phenomenon or a solution to a problem. (e)

ESS3.C: Human Impacts on Eaith Systems

* Humans have become cne of thie most significant
agents of\.change in the near-surface Earth system.
Human activities have significantly altered the
biosphere, geosphere, hydrosphere, and atmosphere.
(a)

= “As human populations and per-capita consumption of
natural sesources-increase, so.do the impacts on
Earth’s systems unless the-activities and technologies
invalved are engineered otherwise. (b),(c)

= “Continued monitoring of the cthanges to Earth’s
surface provides a deeper understanding of the way in
which human activities are impacting Earth’s systems,
providing thebasisfor social policies and regulations
that can reduce these impacts. (d)

ESS3.D: Global Climate Change

= Human activities, such as the release of greenhouse
gases from burning fossil fuels, are major factors in
tHe current rise in Earth’s mean surface temperature
(“global warming”). (a)

= Reducing the amount of greenhouse gases released
into the atmosphere can reduce the degree to which
global temperatures will increase. (c)

= Renewable energy resources and the technologies to
exploit them are being rapidly developed. (e)

Crosscutting Concepts

Systems and System Models

Systems may interact with other systems; they may have
sub-systems and be part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—and
energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study. (a)

Stability and Change

Explanations of stability and change in natural or
designed systems can be constructed by examining the
changes over time and forces at different scales,
including the atomic scale. Small changes in one part of
a system might cause large changes in another part.
Stability might be disturbed either by sudden events or
gradual changes that accumulate over time. Systems in
dynamic equilibrium are stable due to a balance of
feedback mechanisms. (c)

Connections to Engineering, Technology,
and Applications of Science

Interdependence of Science, Engineering, and
Technology

Engineering advances have led to important discoveries
in virtually every field of science and scientific discoveries
have led to the development of entire industries and
engineered systems. Science and technology drive each
other forward. (d)

Influence of Science, Engineering, and Technology
on Society and the Natural World

All human activity draws on natural resources and has
both short and long-term consequences, positive as well
as negative, for the health of people and the natural
environment. The uses of technologies are driven by
people’s needs, desires, and values; by the findings of
scientific research; and by differences in such factors as
climate, natural resources, and economic conditions.
Technology use varies over time and from region to
region. (b),(e)

Connections to other DCIs in this grade-level: MS.LS-NSA, MS.LS-IRE, MS.PS-E, MS.PS-WER, MS.PS-SPM

Articulation to DCIs across grade-levels: K.OTE, 5.ESI, HS.ESS-CC, HS.ESS-HS

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -
WHST.7

questions that allow for multiple avenues of exploration.
W.6.1 Write arguments to support claims with clear reasons and relevant evidence.
W.7.1 Write arguments to support claims with clear reasons and relevant evidence.
SL.7.4

contact, adequate volume, and clear pronunciation.
w.8.1 Write arguments to support claims with clear reasons and relevant evidence.
SL.8.4

appropriate eye contact, adequate volume, and clear pronunciation.
Mathematics —
MP.3 Reason abstractly and quantitatively
MP.4 Model with mathematics
7.SP

Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused

Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye

Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use

Use random sampling to draw inferences about a population; Draw informal comparative inferences about two populations
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HS.ESS-SS Space Systems

HS.ESS-SS Space Systems

Students who demonstrate understanding can:

a. Construct explanations from evidence about how the stability and structure of the sun changg over its lifetime at time

scales that are short (solar flares), medium (the hot spot cycle), and long (changes over its/10-billion-year lifetime).
[Clarification Statement: Evidence for long-term changes includes the Hertzsprung-Russell Diagram.]

b. Use mathematical, graphical, or computational models to represent the distribution and{patterns of galaxies and galaxy
clusters in the Universe to describe the Sun’s place in space.

C. Construct explanations for how the Big Bang theory accounts for all observakie astronomicaidata including the red
shift of starlight from galaxies, cosmic microwave background, and compaositior’of stars and nonstellar gases.

Obtain, evaluate, and communicate information about the process by which stars produce ali.elements except those

elements formed during the Big Bang. [Clarification Statement: Nuclear fusion within certain stars produce atomic nucleNighterthan and including iron;
heavier elements are produced when certain massive stars achieve a supernova stage and explode]

e. Use mathematical representations of the positions of objects in thie Sciar System to predict their motions.and
gravitational effects on each other. [Assessment Boundary: Mathematical representatians, which jriclude Kepler's Laws, should not deat with more than 2

bodies.]

f. Analyze evidence to show how changes in Earth’s orbital parameters affect the intensity and distribution of sunlight on
Earth’s surface, causing cyclical climate changes that inciude past Ice Ages. [Assessment Boundary: Orbital parameters are limited to

change in orbital shape and orientation of the planetary axis.]

control the surface conditions of other planets and moons within the solar system.

Construct explanations for how differences in orbital parameters; combined with the object’s size and composition,

The performance expectations above were developed using the following elements fromthe NRC decument A Framewark for K-12 Science Education:.

Science and Engineering Practices

Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on K-8 and progresses to introduciing
more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data.
= Use tools, technologies, and/or models (e.g., computational,
mathematical) to generate and analyze data in order to make
valid and reliable scientific claims or determine an optimal design
solution. (f)
Using Mathematical and Computational Thinking
Mathematical and computational thinking atthe 9-12 level builds on
K-8 and progresses to using algebraic thinking and-analysis, a range
of linear and nonlinear functions including trigonometric functions,
exponentials and logarithms, and computational tools for statistical
analysis to analyze, represent, and model data. Simple computaticnal
simulations are created and used based on mathematical models of
basic assumptions.
= Use statistical and mathematical techniques and structure data
(e.g., displays, tables, graphs) to find regularities, patterns (e.g.,
fitting mathematical curves to data), and relationships in data. (b)
= Use simple limit cases to test mathematical expressions, computer
programs or algorithms, or simulations to see if a model “makes
sense” by comparing the outcomes with what is known abott the
real world. (e)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9—12 builds on K-
8 experiences and progresses to explanations and designs that are
supported by multiple and independent student-generated sources of
evidence consistent with scientific knowledge, principles, and theories.
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (a),(c),(g)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12 builds
on 6-8 and progresses to evaluating the validity and reliability of the
claims, methods, and designs.
= Critically read scientific literature adapted for classroom use to
identify key ideas and major points and to evaluate the validity
and reliability of the claims, methods, and designs. (d)

ESS1.A: The Universe andIts Stars

= The'star called the'sun is changing and will burn out
over a lifespan of approximately 10 billion years. (a)

= The sun is one of more thanh 200 billion stars in the
Milky Way galaxy, and the Milky Way is just one of
hundreds of billions of galaxies.in the universe. (b)

= Thie spectra and brightness of stars are used to
identify their compositional eleients, movements,
and-distances from Earth and to develop
explanations about thefermation, age, and
composition of the universe. The Big Bang theory is
supported by the fact that it provides an explanation
of observations of distant galaxies receding from our
own, of the measured composition of stars and
nonstellar gases, and of the maps of spectra of the
primordial radiation (cosmic microwave background)
that still fills the universe. (c)

= Other than the hydrogen and helium formed at the
time of the Big Bang, nuclear fusion within stars
produces all atomic nuclei lighter than and including
iron, and the process releases electromagnetic
energy. Heavier elements are produced when certain
massive stars achieve a supernova stage and
explode. (c),(d)

ESS1.B: Earth and the Solar System

= Kepler's laws describe common features of the
motions of orbiting objects, including their elliptical
paths. Orbits may change due to the gravitational
effects from, or collisions with, other objects in the
solar system. (e)

= Cyclic changes in the shape of Earth’s orbit around
the sun, together with changes in the orientation of
the planet’s axis of rotation, have altered the
intensity and distribution of sunlight falling on Earth.
These changes, both occurring over tens to
hundreds of thousands of years, cause cycles of ice
ages and other gradual climate changes. (f),(g)

Crosscutting Concepts

Systems and System Models

Models (e.g., physical, mathematical, computer
models) can be used to simulate systems and
interactions—including energy, matter, and
information flows—within and between systems
at different scales. (b)

Models can be used to predict the behavior of a
system, but these predictions have limited

precision and reliability due to the assumptions
and approximations inherent in models. (e),(g)

Energy and Matter

The total amount of energy and matter in closed
systems is conserved. Changes of energy and
matter in a system can be described in terms of
energy and matter flows into, out of, and within
that system. Energy cannot be created or
destroyed—it only moves between one place
and another place, between objects and/or
fields, or between systems. Energy drives the
cycling of matter within and between systems.
In nuclear processes, atoms are not conserved,
but the total number of protons plus neutrons is
conserved. (a),(c),(d),(f)
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HS.ESS-SS Space Systems

HS.ESS-SS Space Systems

Connections to other DCIs in this grade-level: HS.PS-NP, HS.PS-ER, HS.PS-E, HS.PS-FM, HS.PS-FE, HS.PS-IF

Articulation to DCIs across grade-levels: 1.PC, 5.SSS, MS.ESS-SS

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]

ELA -
W.9-10.7

RI.9-10.1
W.9-10.9(b)

W.11-12.7

SL.11-12.2

W.11-12.9(b) Draw evidence from literary or informational texts to support analysis, reflection, and research.

Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a prdblem; narrow or broaden the inquiry

RST.11-12.9 Synthesize information from a range of sources (e.qg., texts, experiments, simulations) into a coh derstanding of a process, phenomenon, qr concept, resolving
conflicting information when possible.

Mathematics —

MP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

MP.5 Use appropriate tools strategically

S.ID Summarize, represent, and interpret data on a single count or measurement variable; Summarize, represent, arid interpret data on two categorical and quantitative
variables

S.IC Make inferences and justify conclusions from sample surveys, experiments{and obse

G.MG Apply geometric concepts in modeling situations

F.IF Interpret functions that arise in applications in terms of the context

F.BF Build a function that models a relationship between two quantities

F.LE Construct and compare linear, quadratic, and exponential models and solve problems
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HS.ESS-HE History of Earth

Students who demonstrate understanding can:

a. Analyze determined or hypothetical isotope ratios within Earth materials to make valid and ble scientific claims about
the planet’s age, the ages of Earth events and rocks, and the overall time scale of Earth’, Ory. [Assessment Boundary
Radiometric dating techniques using complex methods such as multiple isotope ratios are not included.]

b. Construct an explanation, using plate tectonic theory, for the general trends of the z continental and oceanic crust
and the patterns of topographic features. [Clarification Statement: Trends of crustal ages involve ¢ afloor rocks located at mid-ocean ridges and
the oldest ocean rocks often located near continental boundaries, with age bands of rocks parallel across mid-ocean fi ajortopographic features are ocean ridges,

trenches, and hot spot islands.]

planetary surfaces, and meteorites. [Clarification Statement: Dynamic Earth processes h&ve destroyed most of Earth’s very.early rock record; however, lunar
rocks, asteroids, and meteorites have remained relatively unchanged and provide evidence for conditio
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of feedbacks between
Earth’s different systems to understand how life has coevolved with Earth’s surface (e.g., the atmosphere i iti ife, in turn affects the
composition of the atmosphere.]

The performance expectations above were developed using the following elements from the NRC document’4 Framework for K-12 Science Education:

Science and Engineering Practices Crosscutting Concepts

Analyzing and Interpreting Data Scale, Proportion, and Quantity
Analyzing data in 9-12 builds on K-8 and progresses to L] Algebraic thinking is used to examine scientific

introducing more detailed statistical analysis, the comparison of data and predict the effect of a change in one
data sets for consistency, and the use of models to generate and fixing the scale of /anable on another (e.g. linear growth vs.
analyze data. = Continental rocks, exponential growth). (a)

= Use tools, technologies, and/or models (e.g., computational,
mathematical) to generate and analyze data in order to make

valid and reliable scientific claims or determine an optimal
Z<

Stability and Change

Much of science deals with constructing
explanations of how things change and how
they remain stable. Change and rates of change
can be quantified and modeled over very short
or very long periods of time. Some system
changes are irreversible. Feedback (negative or
positive) can stabilize or destabilize a system.
Systems can be designed for greater or lesser

stability. (b),(c),(d)

design solution. (a)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9—12 build
on K-8 experiences and progresses to explanations and design
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific
knowledge, principles, and theories.

= Construct and revise explanations and

rocks and minerals within Earth’s crust. (b)
SS2.E Biogeology

he many dynamic and delicate feedbacks among the
iosphere, geosphere, hydrosphere, and atmosphere
accepted explanations or solutions as a basis for the merits of. cause a continual co-evolution of Earth’s surface and the
the arguments. (d) life that exists on it. (d)

may also come from current scientific or ii
science.
= Evaluate the claims, evidence, and reason

Connections to other DCIs in this grade-level: HS.LSWT o H\§.LS-J5(SE, HS.LS-MEOE, HS.LS-IRE, HS.PS-SPM, HS.PS-NP, HS.PS-CR, HS.PS-E

Articulation to DCIs across grade-levels: K.OTE, 2.IOS,\2.\ECS,,4. PSE, MS.ESS-HE

Common Core State Standards Connections: [Note: these corriections will be made more explicit and complete in future draft releases]

ELA -

W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.

WHST.9-10.1 Write arguments focused on discipline-specific content.

W.9-10.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the

inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

W.11-12.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.

WHST.11-12.1 Write arguments focused on discipline-specific content.

W.11-12.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.qg., visually, quantitatively, orally) in order to make informed decisions and solve
problems, evaluating the credibility and accuracy of each source and noting any discrepancies among the data.

Mathematics —

MP.2 Reason abstractly and quantitatively

MP.3 Construct viable arguments and critique the reasoning of others.

MP.5 Use appropriate tools strategically

S.ID Summarize, represent, and interpret data on a single count or measurement variable; Summarize, represent, and interpret data on two categorical and quantitative
variables

S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational studies
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HS.ESS-ES Earth’s Systems

Students who demonstrate understanding can:

a. Apply scientific reasoning to explain how geophysical, geochemical, and geothermal evidence was used to develop the
current model of Earth’s interior. [Clarification Statement: Evidence should include drill cores, gravity, seismic wayés, and laboratory experiments on Earth

materials.]

b. Use a model of Earth’s interior and the mechanisms of thermal convection to explain the cycling of matter and the impact

of plate tectonics on Earth’s surface. [Assessment Boundary: Convection mechanisms should ificlude heat fromradioactive decay and gravity acting on
materials of different densities as the drivers of convection and tectonic activity.]

C. Analyze the impact of water on the flow of energy and the cycling of matter.within and among Earth systems. [Assessment
Boundary: Should explore the unique physical and chemical properties of water, such as the polar natdre of the molecule and watex's ability to absorb/store/release energy,
transmit sunlight, expand upon freezing, dissolve and transport materials, and lower the viscosities, @nd meltifg points of rocks.]

d. Use Earth system models to explain how Earth’s internal and surfzce processes work together at different spatial and
temporal scales to form landscapes and sea floor features.

e. Construct an evidence-based claim about how a change to one part‘of an Earth system creates feedbacks that causes
changes in other systems (e.g., coastal dynamics, watersheds and reservoirs, stfream flow and erosion.rates, changes in

ecosystems).

f. Use mathematical expressions of phenomena to simuiate how temperature, relative humidity, air pressure, and the dew
point vary from the windward to the leeward side of a mountain range. [Clarification Statement: The phenomena include latent heat, adiabatic

heating/cooling, absolute/relative humidity, and dew point.]

g. Use models to analyze data to make claims about how energy from the sun is redistributed throughout the atmosphere.
[Clarification Statement: Unequal heating of the atmosphere results in high and, low gresstre systems; air moves fram areas of high pressure to low pressure; clockwise and
counter-clockwise atmospheric circulations develop in response to Earth’s rotation (the'\Coriolis Effect). ]

The performance expectations above were developed using the following elements from the NRC decument A Framework for K-12 Science Education:.

Science and Engineering Practices ‘

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to usirig,
synthesizing, and constructing models to predict and explain
relationships between systems and their components'in the
natural and designed world.
= Use models (including mathematical and computationa!) to
generate data to explain and predict phenomena, analyze
systems, and solve problems. (b),(d},(g)
Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on'K—8 and progresses to
introducing more detailed statistical analysis, the comparison of
data sets for consistency, and the use of models to generate and
analyze data.
= Use tools, technologies, and/or models (e.g., computational,
mathematical) to generate and analyze data in order to make
valid and reliable scientific claims or determine an optimal
design solution. (c)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 9-12 level builds
on K-8 and progresses to using algebraic thinking and analysis, a
range of linear and nonlinear functions including trigonometric
functions, exponentials and logarithms, and computational tools
for statistical analysis to analyze, represent, and mode! data.
Simple computational simulations are created and used based on
mathematical models of basic assumptions.
= Use mathematical expressions to represent phenomena or
design solutions in order to solve algebraically for desired
quantities. (f)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9-12 builds
on K-8 experiences and progresses to explanations and designs
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific
knowledge, principles, and theories.
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (e)
= Apply scientific reasoning, theory, and models to link evidence
to claims and show why the data are adequate for the
explanation or conclusion. (a)

ESS2.A: Earth Materials and Systems
= Evidence from drill cores, gravity, séismic waves, and
labaratory experiments on Earth’materials, reconstructions of
historical ¢hanges in Earth's surface and its magnetic field, and
an understanding of geophysical and geochemical processes
lead to a model of Earth with\a hot'but solid inner core, a liquid
outeér core;and a solid mantle and crust. (a)
= Motions of the mantie-and its plates occur primarily through
thermai convection, which invoives.the cycling of matter due to
the outward flow of energy from Earth’s interior and the
increased downward gravitational pull on denser mantle
rnaterial:(b)
= Earth’s systems interact over a wide range of temporal and
spatiairscales and continually react to changing influences,
including those from human activities. Components of Earth’s
systems may. appear stable, change slowly over long periods of
time, or change’abruptly. Changes in part of one system can
cause dynamic feedbacks that can increase or decrease the
original changes, further changing that system or other
systems in ways that are often surprising and complex. (d),(e)
= Weather is driven by interactions of the geosphere,
hydrosphere, and atmosphere. (f),(g)
ESS2.B: Plate Tectonics and Large-Scale System
Interactions
= The radioactive decay of unstable isotopes continually
generates new energy within Earth’s crust and mantle,
providing the primary source of the heat that drives mantle
convection. Plate tectonics can be viewed as the surface
expression of mantle convection. (b)
ESS2.C: The Roles of Water in Earth’s Surface Processes
= The abundance of liquid water on Earth’s surface and its
unique combination of physical and chemical properties are
central to the planet’s dynamics. These properties include
water’s exceptional capacity to absorb/store/release large
amounts of energy, transmit sunlight, expand upon freezing,
dissolve and transport materials, and lower the viscosities and
melting points of rocks. (c)

Crosscutting Concepts

Systems and System Models

Models (e.g., physical, mathematical,
computer models) can be used to
simulate systems and interactions—
including energy, matter, and information
flows— within and between systems at
different scales. (a)

Models can be used to predict the
behavior of a system, but these
predictions have limited precision and
reliability due to the assumptions and
approximations inherent in models.

(d).(e)

Energy and Matter

The total amount of energy and matter in
closed systems is conserved. Changes of
energy and matter in a system can be
described in terms of energy and matter
flows into, out of, and within that system.
Energy cannot be created or destroyed—
it only moves between one place and
another place, between objects and/or
fields, or between systems. Energy drives
the cycling of matter within and between
systems. In nuclear processes, atoms are
not conserved, but the total number of
protons plus neutrons is conserved.

(b),(c),(F),(9)
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HS.ESS-ES Earth’s Systems

HS.ESS-ES Earth’s Systems

Connections to other DCIs in this grade-level: HS.LS-MEOE, HS.LS-IRE, HS.PS-SPM, HS.PS-CR, HS.PS-ER, HS.PS-E, HS.PS-FM, HS.PS-FE, HS.PS-IF

Articulation to DCIs across grade-levels: K.OTE, K.WEA, 2.10S, 2.ECS, 3.WCI, 4.PSE, 5.ESI, MS.ESS-EIP, MS.ESS-ESP

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]

ELA -
W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and.sufficient evidence.
W.9-10.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated glestion),dr solve a problem; narrow or broaden the

inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the’subject «inder investigation.
RST.9-10.3 Follow precisely a complex multistep procedure when carrying out experiments, taking measurements,0r perfoprming technical tasks, attending to special cases or
exceptions defined in the text.
W.11-12.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoni and sufficient evidence.
W.11-12.7 Conduct short as well as more sustained research projects to answer a question (including a se question) or solve a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subj
SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g., viSually, guantitatively, orally) in“qrder to make informed decisions and solve
problems, evaluating the credibility and accuracy of each source and noting any discre
RST.11-12.3  Follow precisely a complex multistep procedure when carrying out experiments, taki Yrements, or performing technicaitasks; analyze the specific results based
on explanations in the text.

Mathematics —

MP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

MP.5 Use appropriate tools strategically

S.ID Summarize, represent, and interpret data on a single count or measurement variat , and interpret data on two.categoyical and quantitative
variables

S.IC Make inferences and justify conclusions from sample surveys, €xperiments, and observati
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HS.ESS-CC Climate Change

HS.ESS-CC Climate Change

Students who demonstrate understanding can:

a. Evaluate and communicate the climate changes that can occur when certain components of the climate system are
altered. [Clarification Statement: For example, evaluate variations in incoming solar radiation as well as its reflection,absorption, storage, and redistribution among the

atmosphere, ocean, and land systems.]

b. Construct a scientific argument showing that changes to any one of many different Earth and Solar System processes can
affect global and regional climates. [Carification Statement: Examples of these processes include the/sun’s energy output, Earth’s orbit and axis orientation,
tectonic events, ocean circulation, volcanic activity, glacial activity, the biosphere, and human activities.] [Assessmerit Boundary: Use evidence from the geologic record only.]

C. Analyze geologic evidence that past climate changes have occurred over’a wide range of time scales. [Clarification Statement:
Examples of evidence are ice core data, the fossil record, sea level fluctuations, glacial features.]

d. Engage in critical reading of scientific literature about causes of climate ¢change over 10s-100s of years, 10s-100s of
thousands of years, or 10s-100s of millions of years. [Clarification Statément? Examples of causesare changes in solar output, ocean circulation, volcanic
activity (10s-100s of years); changes to Earth’s orbit and the orientation of its axis (10s-100s of thelsands of years); or long-term changes in atmospheric composition (10s-100s

of millions of years).]

e. Use global climate models in combination with other geolegic data to predict and explain how human activities and

natural phenomena affect climate, providing the scientific basis for planring for humanity’s future needs. [Clarification
Statement: For example, use global climate models together with topographic maps to.investigate effeets of sea level change or combine gldbal climate models with precipitation
maps to investigate locations where new water supplies will be needed.]

f. Apply scientific knowledge to investigate how humans may predict and’‘modify their impacts on future global climate
systems (e.g., investigating the feasibility of gedengineering design solutions to global temperature changes).

g. Use models of the flow of energy between thé sun and Earth’s atmospheie and surface to explain how different
wavelengths of energy are absorbed and retained by-various greenhotise gases in Earth’s atmosphere, thereby affecting
Earth’s radiative balance. [Clarification Statement: Students will workwith absorption spectranof different Earth materials.]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:.

Science and Engineering Practices |

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses tc using,
synthesizing, and constructing models to predict and explain
relationships between systems and their coriponents in the
natural and designed world.
= Use multiple types of models to represent and expiain
phenomena, and move flexibly between model types
based on merits and limitations. (g)
= Use models (including mathermatical and-computaticnal)
to generate data to explain and predict phenomena,
analyze systems, and solve problems. (€)
Analyzing and Interpreting Data
Analyzing data in 9-<12 builds on K-8 and progresses to
introducing more detailed statistical analysis, the
comparison of data sets for consistency, and the use of
models to generate and analyze data.
= Use tools, technologies, and/cr models (e.g.,
computational, mathematical) to.generate and analyze
data in order to make valid and reliable scientific claims
or determine an optimal design solution. (c)
Constructing Explanations and Designing Solxtions
Constructing explanations and designing solutions in 9-12
builds on K-8 experiences and progresses to explanations
and designs that are supported by multiple and independent
student-generated sources of evidence consistent with
scientific knowledge, principles, and theories.
= Apply scientific reasoning, theory, and models to link
evidence to claims and show why the data are adequate
for the explanation or conclusion. (f)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-
8 experiences and progresses to using appropriate and
sufficient evidence and scientific reasoning to defend and
critique claims and explanations about the natural and
designed world. Arguments may also come from current
scientific or historical episodes in science.
= Evaluate the claims, evidence, and reasoning of
currently accepted explanations or solutions as a basis
for the merits of the arguments. (b)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating information in 9—
12 builds on 6-8 and progresses to evaluate the validity and
reliability of the claims, methods, and designs.
= Critically read scientific literature adapted for classroom
use to identify key ideas and major points and to
evaluate the validity and reliability of the claims,
methods, and designs. (a),(d)

ESS2.D: Weather and Climate

= The foundation for Earth’s global climate systems is the
electromagnetic radiation from the sun, as well as its reflection,
absarption, storage; and redistribution among the atmosphere,
ocean, and land systems, and this energy’s re-radiation into space.
Climate change can occur when certain parts of these systems are
altered. (@)

= The geological record shcws that changes to global and regional
climate can be-caused by interactions among changes in the sun’s
energy output or Earth’s orbit, tectonic events, ocean circulation,
volcanic activity, glaciers, vegetation, and human activities. These
changes can occur on a variety of time scales from sudden (e.g.,
volcanic ash clouds) to intermediate (ice ages) to very long-term
tectonic cycles. (b),(c),(d)

= Geologic evidence indicates that past climate changes were either
sudden changes caused by alterations in the atmosphere; longer-
term changes (e.g., ice ages) due to variations in solar output,
Earth’s orbit, or the orientation of its axis; or even more graduate
atmospheric changes due to plants and other organisms that
captured carbon dioxide and released oxygen. The time scales of
these changes varied from a few to millions of years. Changes in
the atmosphere due to human activity have increased carbon
dioxide concentrations and thus affect climate (link to ESS3.D).
(b),(c),(d)

= Global climate models are often used to understand the process of
climate change because these changes are complex and can occur
slowly over Earth’s history. Global climate models incorporate
scientists’ best knowledge of the physical and chemical processes
and of the interactions of relevant systems. They are tested by
their ability to fit past climate variations. (e)

= Current models predict that, although future regional climate
changes will be complex and varied, average global temperatures
will continue to rise. The outcomes predicted by global climate
models strongly depend on the amounts of human-generated
greenhouse gases added to the atmosphere each year and by the
ways in which these gases are absorbed by the ocean and
biosphere. Hence the outcomes depend on human behaviors (link
to ESS3.D) as well as on natural factors that involve complex
feedbacks among Earth’s systems (link to ESS3.A). (f)

ESS3.D: Global Climate Change

= Though the magnitudes of human impacts are greater than they
have ever been, so too are human abilities to model, predict, and
manage current and future impacts. (g)

= Thus science and engineering will be essential both to
understanding the possible impacts of global climate change and to
informing decisions about how to slow its rate and consequences—
for humanity as well as for the rest of the planet. (g)

Crosscutting Concepts

Cause and Effect
Empirical evidence is required to
differentiate between cause and correlation
and make claims about specific causes and
effects. Cause and effect relationships can
be suggested and predicted for complex
natural and human designed systems by
examining what is known about smaller
scale mechanisms within the system.
Systems can be designed to cause a desired
effect. Changes in systems may have
various causes that may not have equal
effects. (e),(9)
Stability and Change
Much of science deals with constructing
explanations of how things change and how
they remain stable. Change and rates of
change can be quantified and modeled over
very short or very long periods of time.
Some system changes are irreversible.
Feedback (negative or positive) can stabilize
or destabilize a system. Systems can be
designed for greater or lesser stability.
(a),(b),(c),(d)
Connections to Engineering, Technology,
and Applications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Modern civilization depends on major
technological systems, such as agriculture,
health, water, energy, transportation,
manufacturing, construction, and
communications. Engineers continuously
modify these systems to increase benefits
while decreasing costs and risks. New
technologies can have deep impacts on
society and the environment, including
some that were not anticipated. Analysis of
costs and benefits is a critical aspect of
decisions about technology. (f)
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HS.ESS-CC Climate Change

HS.ESS-CC _ Climate Change /

Connections to other DCIs in this grade-level: HS.LS-MEOE, HS.LS-IRE, HS.PS-ER, HS.PS-W, HS.PS-E

Articulation to DCIs across grade-levels: K.WEA, K.OTE, 3.WCI, 5.ESI, MS.ESS-WC, MS.ESS-HI

ELA -
W.9-10.9(b) Draw evidence from literary or informational texts to support analysis, reflection, and rese ch.
W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using vali
WHST.9-10.1  Write arguments focused on discipline-specific content.
SL.9-10.1.c Propel conversations by posing and responding to questions that relate the curren
discussion; and clarify, verify, or challenge ideas and conclusions.
W.11-12.9(b) Draw evidence from literary or informational texts to support analysis, reflection, an research.
Ww.11-12.1 Write arguments to support claims in an analysis of substantive topics or i
WHST.11-12.1 Write arguments focused on discipline-specific content.
SL.11-12.1.c  Propel conversations by posing and responding to questions that probe reasonin

Mathematics —

MP.2 Reason abstractly and quantitatively

MP.3 Construct viable arguments and critique the reasoning of

MP.4 Model with mathematics

S.ID Summarize, represent, and interpret data on a single count or i ; i epresent, and interpret data on two categorical and quantitative
variables

F.LE Construct and compare linear, quadratic, and exponential madels\and so

S.IC Make inferences and justify conclusions from sample surveys, i
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HS.ESS-HS Human Sustainability

HS.ESS-HS Human Sustainability

Students who demonstrate understanding can:

a. Construct arguments for how the developments of human societies have been influenced by natural resource
availability including: locations of streams, deltas, and high concentrations of minerals, ores, coal, and hydrocarbons.
b. Reflect on and revise design solutions for local resource development that would increase the ratio of benefits to costs

and risks to the community and its environment. [Clarification Statement: Examples of locaf resoyrce development include soil use for agriculture,
water use, mining for coal and minerals, pumping for oil and natural gas.]

C. Construct scientific claims for how increases in the value of water, mineral, and fossil fuel resources due to increases in
population and rates of consumption have sometimes led to the development of new technologies to retrieve resources
previously thought to be economically or technologically unattainable.

d. Construct scientific arguments from evidence to support claims that natural hazards and other geologic events have

influenced the course of human history. [Clarification Statement: Famines/that result from reduced global temperatures tan follow large historic volcanic
eruptions. Large earthquakes and tsunamis can destroy cities, and there is a strong correlation betieen historic cljmate changes and the.number of wars.]

e. Construct scientific claims about the impacts of human activitieson the fregdency and intensity-of some natural
hazards. [Clarification Statement: Natural hazards to include floods, droughts, forest fires, landslides, gfc.]
f. Identify mathematical relationships using data on the rates of production and consumption of natural resources in

order to assess the global sustainability of human society. [Assessment Boundar{: Students construct equations for linear relationships, but not
expected to construct equations for non-linear relationships.]

g. Construct arguments about how engineering soliitions have been and could bhe designed and implemented to mitigate
local or global environmental impacts. [Clarification Statemeht:~Environmental impacts toNncludesacid rain, water pollution, the ozone hole, etc.]

h. Use results from computational General Circulation\Models (GCMs) to_investigate how the hydrosphere, atmosphere,
geosphere, and biosphere are being modified in response to human activities.

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices |

Analyzing and Interpreting Data
Analyzing data in 9-12 builds on K-8 and progresses to
introducing more detailed statistical analysis, the
comparison of data sets for consistency, and the use of
models to generate and analyze data.
= Use tools, technologies, and/or models (e.g.,
computational, mathematical) to generate and analyze
data in order to make valid and reiiable scientific claims
or determine an optimal design solution.-(h)
Using Mathematics and Co:nputational Thinking
Mathematical and computational thinking at the 9-12 level
builds on K-8 and progresses te using algebraic thinking
and analysis, a range of linear and nonlinear functions
including trigonometric functians, exponentials and
logarithms, and computational teols for statistical analysis to
analyze, represent, and model data. Students also use and
create simple computational simulations based on
mathematical models of basic assumptions.
= Use mathematical expressions to represent phenomena
or design solutions in order to solve algebraically for
desired quantities. (f)
Constructing Explanations and Designing Soiutions
Constructing explanations and designing solutions in 5-12
builds on K-8 experiences and progresses to explanations
and designs that are supported by multiple and independent
student-generated sources of evidence consistent with
scientific knowledge, principles, and theories.
= Construct and revise explanations and arguments based
on evidence obtained from a variety of sources (e.g.,
scientific principles, models, theories) and peer review.
(),(d),(e),(9)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-
8 experiences and progresses to using appropriate and
sufficient evidence and scientific reasoning to defend and
critique claims and explanations about natural and designed
world. Arguments may also come from current scientific or
historical episodes in science.
= Evaluate the claims, evidence, and reasoning of
currently accepted explanations or solutions as a basis
for the merits of the arguments. (a)
= Criticize and evaluate arguments and design solutions in
light of new evidence, limitations (e.g., trade-offs),
constraints, and ethical issues. (b)

ESS3.A: Natural Resources

= Resource availability has guided‘the development of
human society. Resource availability affects geopolitical
relationships and can limit developraent. (a)

= All forms of‘energy production and other resource
extraction have associated economic, social,
environniental;-and geopolitical costs and risks as well
as benefits. New technologies’and social regulations can
change.the balance of these factors. (b)

= As.the glohal human population increases and people’s
demands for.better living conditions increase, resources
considered readily available in the past, such as land for
agriculture-or drinkable water, are becoming scarcer
and more vaided. (c)

ESS3.B: Natural Hazards

= Natural hazards and other geologic events have shaped
the course of human history by destroying buildings and
Cities, eroding land, changing the courses of rivers, and
reducing the amount of arable land. These events have
significantly altered the sizes of human populations and
have driven human migrations. (d)

= Natural hazards can be local, regional, or global in
origin, and their risks increase as populations grow.
Human activities can contribute to the frequency and
intensity of some natural hazards. (e)

ESS3.C: Human Impacts on Earth Systems

= The sustainability of human societies and the

biodiversity that supports them requires responsible

management of natural resources. (f)

Scientists and engineers can make major contributions—

for example, by developing technologies that produce

less pollution and waste and that preclude ecosystem

degradation. When the source of an environmental

problem is understood and international agreement can

be reached, human activities can be regulated to

mitigate global impacts (e.g., acid rain and the ozone

hole over Antarctica). (g)

= Through computer simulations and other studies,
important discoveries are still being made about how
the ocean, atmosphere, and biosphere interact and are
modified in response to human activities and changes in
human activities. (h)

Crosscutting Concepts

Cause and Effect
Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects. Cause and effect relationships can be
suggested and predicted for complex natural and human
designed systems by examining what is known about
smaller scale mechanisms within the system. Systems
can be designed to cause a desired effect. Changes in
systems may have various causes that may not have
equal effects. (d),(h)

Connections to Engineering, Technology,

and Applications of Science

Interdependence of Science, Engineering and
Technology

Science and engineering complement each other in the
cycle known as research and development (R&D). Many
R&D projects may involve scientists, engineers, and
others with wide ranges of expertise. (c)

Influence of Engineering, Technology, and Science
on Society and the Natural World

Modern civilization depends on major technological
systems, such as agriculture, health, water, energy,
transportation, manufacturing, construction, and
communications. Engineers continuously modify these
systems to increase benefits while decreasing costs and
risks. New technologies can have deep impacts on
society and the environment, including some that were
not anticipated. Analysis of costs and benefits is a critical
aspect of decisions about technology. (a),(b),(e),(f),(g)
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HS.ESS-HS Human Sustainability

HS.ESS-HS Human Sustainability

Connections to other DCIs in this grade-level: HS.LS-IRE, HS.PS-CR, HS.PS-E, HS.ETS-ETSS

Articulation to DCIs across grade-levels: K.WEA, 3.WCI, 4.PSE, 4.E, MS.ESS-WC, MS.ESS-EIP, MS.ESS-ESP, MS.ESS-HI \

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]
ELA —

W.9-10.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated’ques

inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject\under investigation.
W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasonin sufficient evidence.
W.9-10.4 Produce clear and coherent writing in which the development, organization, and style are appropri nd audience.

WHST.9-10.1 Write arguments focused on discipline-specific content.

ion) or solve a problem; narrow or broaden the

W.11-12.7 Conduct short as well as more sustained research projects to answer a question (including a s i a problem; narrow or broaden the

inquiry when appropriate; synthesize multiple sources on the subject, demonstrating under
SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g, /

problems, evaluating the credibility and accuracy of each source and noting any discrépancies among the data
Ww.11-12.1 Write arguments to support claims in an analysis of substantive topics or texts, usjrig validreasoning and relevant and sufficient'eviden
W.11-12.4 Produce clear and coherent writing in which the development, organization, and’style afe appropriate to/task, purpose, and audien
WHST.11-12.1 Write arguments focused on discipline-specific content.
Mathematics —

MP.2 Reason abstractly and quantitatively

MP.3 Construct viable arguments and critique the reasoning of others

MP.4 Model with mathematics

F.IF Interpret functions that arise in applications in terms of the cofitext

F.BF Build a function that models a relationship between two quantities

F.LE Construct and compare linear, quadratic, and exponential models,and'‘so

G.MG Apply geometric concepts in modeling situations

A-CED.1 Create equations that describe numbers or relationships

S.ID Summarize, represent, and interpret data on a single count or measuremel and interpret data on two categorical and quantitative
variables

S.IC Make inferences and justify conclusions fromﬁﬁ@uweys, experiments, and
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MS.PS-SPM Structure and Properties of Matter

MS.PS-SPM  Structure and Properties of Matter

Students who demonstrate understanding can:
a. Construct and use models to explain that atoms combine to form new substances of varyi

plexity in terms of the

number of atoms and repeating subunits. [Clarification Statement: Examples of atoms combining can include Mydrogén (H,) and Oxygen (O,) combining to

b. Plan investigations to generate evidence supporting the claim that one pure substarice c

flammability, and phase.]

c. Use a simulation or mechanical model to determine the effect on the temper

phases and during a phase change in terms of atomic and molecular'motion. [Asse

intended.]

Wundary: The use

The performance expectations above were developed using the following elements from'the NRC documeént A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 68 builds on K-5 and progresses to
developing, using and revising models to explain, explore,

and predict more abstract phenomena and design systems.

= Use and/or construct models to predict, explain,
and/or collect data to test ideas about phenomena in
natural or designed systems, including those
representing inputs and outputs. (a),(c)

Planning and Carrying Out Investigations

Planning and carrying out investigations to answer

questions or test solutions to problems in 6—8 builds on

K-5 experiences and progresses to include investigation:

that use multiple variables and provide evidence to

support explanations or design solutions.

= Plan and carry out investigations individually and
collaboratively, identifying independent and dependent
variables, and controls. (b)

= Collect data and generate evidence t
questions or test design solutions uider a r:
conditions. (b)

Engaging in Argument from Eviden

Engaging in argument from evidence in 68 builds from

K-5 experiences and progresses.to coristructing a

convincing argument that supports.or refutes claims for

either explanations or solutions about the natural and

designed world.

= Use oral and written arguments supported by empirical

evidence and reasoning to support or refute an
explanation for a phenomenon or a solution
problem. (d)

swer scientific

en the temperature and the total energy of a
em depends on the types, states, and amounts of
atter present. (c),(d)

Crosscutting Concepts

Patterns

Macroscopic patterns are related to the nature of
icroscopic and atomic-level structure. Patterns in rates
of'change and other numerical relationships can provide
information about natural and human designed

. Patterns can be used to identify cause and
relationships. Graphs and charts can be used to
>dentify patterns in data. (a)

Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not necessarily imply
causation. Cause and effect relationships may be used
to predict phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability. (c),(d)

Structure and Function

Complex and microscopic structures and systems can
be visualized, modeled, and used to describe how their
function depends on the shapes, composition, and
relationships among its parts, therefore complex natural
and designed structures/systems can be analyzed to
determine how they function. Structures can be
designed to serve particular functions by taking into
account properties of different materials, and how
materials can be shaped and used. (b)

Connections to other DCI5s in this grade-level: MS.ESS-ESP, M5.ESS-SS, MS.LS-MEOE

Articulation of DCIs across grade-levels: 3.IF, 5.SPM, HSMS’.SPM, HS.PS-NP, HS.PS-E

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-

W.5.2 Write informative/explanatory texts to examine a topic and convey ideas and information clearly.

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.

W.7.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.5.4 Report on a topic or text or present an opinion, sequencing ideas logically and using appropriate facts and relevant, descriptive details to support main ideas or themes;
speak clearly at an understandable pace.

SL.6.4 Present claims and findings, sequencing ideas logically and using pertinent descriptions, facts, and details to accentuate main ideas or themes; use appropriate eye
contact, adequate volume, and clear pronunciation.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details, and examples; use appropriate eye

contact, adequate volume, and clear pronunciation.

WHST.6-8.1 Write arguments focused on discipline-specific content.
RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.

Mathematics —

MP.4 Model with mathematics.

MP.8 Look for and express regularity in repeated reasoning.
6.SP Develop understanding of statistical variability

Summarize and describe distributions
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MS.PS-CR Chemical Reactions

MS.PS-CR Chemical Reactions

Stu
a.

b.

dents who demonstrate understanding can:

Develop representations showing how atoms regroup during chemical reactions 10 account for the conservation of mass.
[Assessment Boundary: Representations should not involve bonding energy or valence electrons. Balancing equati Iso not employed here.]

Generate and revise explanations from the comparison of the physical and chemical properties of reacting substances to
the properties of new substances produced through chemical reactions to ew properties have emerged
[Assessment Boundary: Comparison and analysis should not involve statistical techniques.]

Construct explanations of energy being released or absorbed when si are combined into complex

molecules or complex molecules are broken down to simpler mole ificati : Simple molecules can include H,0 and CO,, and
complex molecules can include CsH1,0¢ in photosynthesis.] [Assessment Boundary: Further def i re notaddressed.]

process are not addressed.]

The performance expectations above were developed using the following elements from the NRC docurhent A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 68 builds on K-5 and progresses to
developing, using, and revising models to explain,

expl
desi

Con

Solutions
Constructing explanations and designing solutions

in 6-8 builds on K-5 experiences and progresses to
include constructing explanations and

solu

consistent with scientific knowiedge,
theories.

Crosscutting Concepts

Patterns
Macroscopic patterns are related to the nature of
microscopic and atomic-level structure. Patterns
in rates of change and other numerical
relationships can provide information about
natural and human designed systems. Patterns
can be used to identify cause and effect
relationships. Graphs and charts can be used to

2 identify patterns in data. (b)
produce comple food molecules [Clarification Statement for b: Comparing
., from sunlight) to occur. In this properties is a search for patterns; finding a
dioxide and water ombine to form carbon-based change in pattern indicates a new substance.]
€ . (c),(d) Energy and Matter
Matter is conserved because atoms are conserved
in physical and chemical processes. Within a
olecules containing carbon react with- natural or designed system, the transfer of
energy drives the motion and/or cycling of
matter. (a),(d)

ore, and predict more abstract phenomena and
gn systems.

Use and/or construct models to predict,
explain, and/or collect data to test ideas about
phenomena in natural or designed systems,
including those representing inputs and
outputs. (d)

Pose models to describe mechanisms at
unobservable scales. (a)

structing Explanations and Designing

rces of eviden
and

tions supported by multiple

Energy may take different forms (e.g. energy in
fields, thermal energy, energy of motion). The
transfer of energy can be tracked as energy flows
through a designed or natural system. (c)

s for either qualitative or
between variables.

Construct explanati
quantitative relationshi
(b)
Apply scientific reasoni
are adequate for the ex

©

g to show why the data
nation. or conclusion.

Connections to other DCIs in this grade-level: MS.LS-SFIP, MS.LS-GDRO, MS.LS-MEOE, MS.ESS-WC, MS.ESS-ESP

Articulation to DCIs across grade-levéls; 5.5PM, HS.PS;CR, HS.PS-E, HS.LS-MEOE

Common Core State Standards Connections: [/

ELA

RI.6.7 Integrate information presented in
W.5.9 Draw evidence from literary or informatiol

te. thelse copinections will be made more explicit and complete in future draft releases]

ifferent predia or formats (e.qg., visually, quantitatively) as well as in words to develop a coherent understanding of a topic or issue.
| texts to support analysis, reflection, and research.

W.6.8 Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while

avoiding plagiarism and providing basic bibliographic information for sources.

W.7.8 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each source; and quote or

paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.4  Model with mathematics.

MP.7 Look for and make use of structure.

MP.8 Look for and express regularity in repeated reasoning.

6.SP Develop understanding of statistical variability.
6.EE Represent and analyze quantitative relationships between dependent and independent variables.
7.SP.3 Draw informal comparative inferences about two populations.
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MS.PS-E Energy

MS.PS-E Energy

Students who demonstrate understanding can:

a.

b.

Construct an explanation of the proportional relationship pattern between the kinetic energy of an object and its mass
and speed. [Assessment Boundary : Not intended to solely require use of KE=1/2mv?—the explanation requires a qualitétiv e g€scription of the relationship and patterns.]
Use representations of potential energy to construct an explanation of how much €nergy an object has when it’'s in

different positions in an electrical, gravitational, and magnetic field. [Clarification Stagtément: Examples of objects in different field positions include
a roller coaster cart at varying positions on a hill, objects at varying heights on shelves, an iron nail being mov ed ¢léser to’axmagnet, and a balloon with static electrical charge
being brought closer to a classmate’s hair.] [A ssessment Boundary : Q ualitative, not quantitative.]

Plan and carry out investigations to show that in some chemical reactions energy is released or absorbed. [Clarification
Statement: Examples of chemical reactions can include baking soda reacting with vinegar, and calcium chioride peacting with baking soda.] PA ssessment Boundary : Q ualitative,
not quantitative.]

Use and/or construct models to communicate the means by which thermal energy is transferred during conduction,

convection, and radiation. [Clarification Statement: Examples of models can includea diagram depicting therimal energy transfer thtough “a _pan to its handle or
warmer waterin a pan rising as cooler water sinks; and a model using a heat lamp for the sud and & globe for the eafth.]

Collect data and generate evidence to examine the relationship between the change in the temperaturé of a sample and

the nature of the matter, the size of the sample, and the environment. [Clarifiation Sfatement: Examples of data collection could include
comparing final water temperatures after different masses of ice melted in the same volume of water with the same€ initial tem perature.]

Compare, evaluate, and design a device that maximizes or minimizes thermal energy transfer, and defend the selection of
materials chosen to construct the device. [Assessment Bolindary : Exttudes semiconductors_and heat sinks. ]

Design and evaluate solutions that minimize and/or maximize friction and energy transfer in everyday machines. [Clarification
Statement: Solutions can include use of oil as a lubricant on a skateboard, bicy cle, or\in a Taw.nmow érengine, and Wwax on’skis. Energy transfer can include the transfer of energy

from motion to thermal energy due to friction. Everyday machines can include skateboards, bicycles, lawhmow ers, skis, and tQy cars. ]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 6-8 builds on K5 and progresses to
developing, using and revising models to explain, explore,
and predict more abstract phenomena and design systems.
= Useand/or construct models to predict, explain,
and/or collect data to test ideas about phenomena in
natural or designed sy stems, including those
representing inputs and outputs. (d)
Planning and Carrying Out Investigations
Planning and carrying out inv estigations to answer
questions or test solutions to problems ir 6—8 builds on -
5 experiences and progresses 10 include inv estigations that
use multiple variables and provide €vidence to support
explanations or design solutions.
= Planand carry out investigations individually and
collaborativ ely , identify ing independent and
dependent v ariables and controls. (c)
= Collectdata and generate evidencefo answer
scientific questions or test design solutions under a
range of conditions. (e)
Constructing Explanationsand Designing Solutions
Constructing explanations and designing solutions ir.6-8
builds on K-5 experiences and progresses to include
constructing explanations and designing solutions
supported by multiple sources of evidence consistent with
scientific knowledge, principles, and theories.
= Use qualitative and quantitativ e relationships
betw een v ariables to construct explanations for
phenomena. (a)
= Construct explanations from models or
representations. (b)
= Undertake design projects, engaging in the design
cy cle, to construct and implement a solution that
meets specific design criteria and constraints. (f),(g)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-
5 experiences and progresses to constructing a convincing
argument that supports or refutes claims for either
explanations or solutions about the natural and designed
world.
= Useoral and written arguments supported by
empirical evidence and reasoning to support or refute
an argument for a phenomenon or a solution to a
problem. (f)

PS3.A: Definitions of Energy

a

Motion energy is properly called kinetic energy ; it is proportional
to the mass of the moving object ‘and grow s with the square of its
speed. (a)

A sy stem of objects may also contain, stored (potential) energy,
depending ori-their _relativ e positions. orexample, energy is
stored™—in grav itational interactien\ with Earth—when an object is
raiséd, and energy_is released when the object falls or is lowered.
Energyis also stored in the eiectric fields betw een charged
particles.and the magnetic fields betw een magnets, and it changes
w hen these. objects are mov ed relativ e to one another. (b)
Stored.energy. is decreased in some chemical reactions and
increased-in others. (c)

Temperature_is a’measure of the av erage kinetic energy of
particles of matter. The relationship between the temperature and
the total energy of a sy stem depends on the ty pes, states, and
amounts of matter present. (d),(e)

3.B: Conservation of Energy and Energy Transfer

When the motion energy of an object changes, there is inevitably
some other change in energy atthe same time. Forexample, the
friction that causes a moving object to stop also results in an
increase in the thermal energy in both surfaces; eventually heat
energy is transferred to the surrounding environment as the
surfaces cool. Similarly, to make an object start moving or to keep
it moving w hen friction forces transfer energy away from it,
energy must be provided from, say, chemical (e.g., burning fuel)
or electrical (e.g., an electric motor and battery ) processes. (f),(g)
The amount of energy transfer needed to change the temperature
of a matter sample by a given amount depends on the nature of
the matter, the size of the sample, and the environment. (e)
Energy is transferred out of hotter regions or objects and into
colder ones by the processes of conduction, convection, and
radiation. (d)

PS3.D: Energyin ChemicalProcesses and Everyday Life

Machines can be made more efficient, that is, require less fuel input
to perform a given task, by reducing friction between their moving
parts and through aerody namic design. Friction increases energy
transfer to the surrounding environment by heating the affected
materials. (f),(g)

Crosscutting Concepts

Scale, Proportion,and Quantity
Proportional relationships (e.g. speed as the
ratio of distance traveledto time taken)
among different ty pes of quantities provide
information about the magnitude of
properties and processes. Scientific
relationships can be represented through the
use of algebraic expressions and equations.
(a)(b)

Energy and Matter

Matter is conserved because atoms are
conserv ed in phy sical and chemical
processes. Within a natural or designed

sy stem, the transfer of energy drives the
motion and/or cy cling of matter. (c)

Energy may take different forms (e.g. energy

in fields, thermal energy, energy of motion).

The transfer of energy can be tracked as

energy flows through a designed or natural

system. (d),(e)

Connections to Engineering, Technology,
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Allhuman activity draws on natural resources
and has both short and long-term
consequences, positive as well as negative,
for the health of people and the natural
environment. The uses of technologies are
driven by people’s needs, desires, and values;
by the findings of scientific research; and by
differences in such factors as climate, natural
resources, and economic conditions.
Technology use v aries ov er time and from
region to region. (f),(g)

May 7, 2012

Embargoed until May 11, 2012, 12:00 p.m. EDT

Page 1 of 2




MS.PS-E Energy

MS.PS-E Energy (continued)

Connections to other DCIs in this grade-level: MS.ESS-SS, MS.LS-MEOE, MS.ETS-ED

A rticulation to DCIs across grade-levels: 4.E,HS.PS-E, HS.PS-FE

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

W.6.1  Write arguments to support claims with clear reasons and relevant evidence

W.7.1  Write arguments to support claims with clear reasons and relevant evidence

W.8.1  Write arguments to support claims with clear reasons and relevant evidence

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on sev eral
that allow for multiple avenues of exploration.

Mathematics -

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

5.MD Represent and interpret data.

ing additional related, focused questions

6.RP Understand ratio concepts and use ratio reasoning to solve problems.
6.EE Apply and extend previous understandings of arithmetic to algebraic expressions

Represent and analy ze quantitativ e relationships betw een dependent and independent v ariables.
7.RP A naly ze proportional relationship and use them to solv e real-world and mathematical problems:
7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and equatio
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MS.PS-FM Forces and Motion

MS.PS-FM Forces and Motion

Students who demonstrate understanding can:

a. Formulate questions arising from investigating how an observer’s frame of refere

long distances.] [Assessment Boundary: O bservations are made at the macroscopic scale only.]
b. Communicate observations and information graphically and mathematica
position, velocity, and direction of motion are affected by forces acting ¢ ct.

one dimension. The use of vectors is not an expectation.]

C. Collect data to generate evidence supporting Newton'’s Third Law,

requiring trigonometry is not an expectation.]

d. Use mathematical concepts and observations to describe t

of the forces acting upon it. [Clarification Statement: An example of th

person may not be able to push a heavy object, but-sév eral péople pushing and'pulling jr

are acceptable. The use of trigonometry is not ap‘expectation. Assessments shou

he motion of an object could include a situation in which one
mov e it.] [A ssessment Boundary : Simple free-body diagrams
ituations with both balanced and unbalanced forces.]

The performance expectations abovewere developed. using\the following elements from the NRC document A Framework for K-12 Science Education:

Asking questions and defining problems in grades 6— K-

results. (a)
Plannlng and Carrylng 0 ¥

progresses to identify ing patterns in large data sets and using mathematical
concepts to support explanations and arguments.
= Use mathematical concepts such as ratios, averages, basic probability,
and simple functions, including linear relationships, to analy ze data. (d)
Obtaining, Evaluating, and Communicating Information
O btaining, evaluating, and communicating information in 3-5 builds on K-2
and progresses to evaluate the merit and accuracy of ideas and methods.
= Communicate understanding of scientific information that is presented in
different formats (e.g., verbally, graphically, textually, mathematically ).

(b)

Motion
interacting objects, the force

e/first object on the second

jal in strength to the force that

the second object exerts on the first, but in

the opposite direction (Newton'’s third law).

©

= The motion of an object is determined by the
sum of the forces acting on it; if the total
force on the object is not zero, its motion will
change. (b),(f)

= The greater the mass of the object, the
greater the force needed to achiev e the same
change in motion. Forany given object, a
larger force causes a larger change in motion.
(d)

= Forces on an object can also change its shape
or orientation. (e)

= Allpositions of objects and the directions of
forces and motions must be described in an
arbitrarily chosen reference frame and
arbitrarily chosen units of size. In order to
share information with other people, these
choices must also be shared. (a)

Crosscutting Concepts

Scale, Proportion,and Quantity

Time, space, and energy phenomena can be
observ ed at various scales using models to study
sy stems that are too large or too small. The
observ ed function of natural and designed

sy stems may change with scale. (a)

Proportional relationships (e.g. speed as the
ratio of distance traveledto time taken) among
different ty pes of quantities provide information
about the magnitude of properties and
processes. Scientific relationships can be
represented through the use of algebraic
expressions and equations. (b),(d)

Stability and Change

Explanations of stability and change in natural or
designed sy stems can be constructed by
examining the changes overtime and forces at
different scales, including the atomic scale.
Small changes in one part of a sy stem might
cause large changes in another part. Stability
might be disturbed either by sudden events or
gradual changes that accumulate overtime.

Sy stems in dy namic equilibrium are stable due
to a balance of feedback mechanisms. (c),(e),(f)
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MS.PS-FM Forces and Motion

MS.PS-FM Forces and Motion

Connections to other DCIs in this grade-level: MS.ESS-EIP, MS.ESS-SS

A rticulation to DCIs across grade-levels: 3.FI, HS.PS-FM, HS.PS-IF

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releasés]

ELA -

RST.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technic

WHST.9 Draw evidence from informational texts to support analy sis reflection, and research.

Mathematics —

MP 1 Make sense of problems and persev ere in solving them

MP.2  Reason abstractly and quantitatively.

MP 4 Model with mathematics

MP.6  Attend to precision.

5.0A Analy ze patterns and relationships.

6.RP Understand ratio concepts and use ratio reasoning to solv e problems.

6.EE Apply and extend previous understandings of arithmetic to algebraic expressions.
Reason about and solv e one-v ariable equations and inequalities.
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MS.PS-IF Interactions of Forces

MS.PS-IF Interactions of Forces

Students who demonstrate understanding can:
a. Plan and carry out investigations to illustrate the factors that affect the strengt electric and magnetic forces. [Clarification
Statement: Investigations can include observing the electric force produced between two charged objects at differgft distances; and measuring the magnetic force produced by an
electromagnet with a varying number of wire turns, number or size of dry cells, or size of iron core.] [Assessment Boupdary: Qualitative, not quantitative; no assessment of
Coulomb’s law.]

b. Use a model or various representations to describe the relationship amg avitational force, the mass of the interacting
ob]ects, and the distance between them. [Clarification Statement: Examples of mod aptations can include labeled diagrams of the relationship
between Earth and man-made satellites, the International Space Station, and an airplane taking offz dary: Qualitative, not quantitative.]

C. Plan and carry out investigations to demonstrate that some forces:a i rough fields. [Assessment Boundary: Fields

included are limited to gravitational, electric, and magnetic. Determination of fields are qualitati quantltatlve (e g\ forces.between two human—scale objects are too small to

Science and Engineering Practices iscinli N 5 Crosscutting Concepts

Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships may
be used to predict phenomena in natural or designed
gravitational systems. Phenomena may have more than one
cause, and some cause and effect relationships in
systems can only be described using probability.
(a),(b),(e)

Scale, Proportion, and Quantity

Time, space, and energy phenomena can be observed
avitational, electric, and magnetic) at various scales using models to study systems that
s that extend through space and can are too large or too small. The observed function of
a test object (a ball, a charged object, natural and designed systems may change with scale.

Developing and Using Models
Modeling in 68 builds on K-5 and progresses to .
developing, using and revising models to explain,
explore, and predict more abstract phenomena and
design systems.
= Use and/or construct models to predict,
explain, and/or collect data to test ideas about
phenomena in natural or designed systel
including those representing inputs a J
outputs. (b),(d) i ems in space, such as galaxies or the
= Pose models to describe mechanisms at in patterns of motion within those
unobservable scales. (b),(d)
= Modify models — based on their limitations =< to
mcrease detail or clanty, or to explore what wi

= Use and construct i 2 (©),(d)
with uncertain a i . 52.C: § ablllty and Instablllty in Physical Systems Proportional relationships (e.g. speed as the ratio of
Planning and Carryin igati system is one in which any small change resuits in forces distance traveled to time taken) among different types
Planning and cafryin: i igati thatreturnthe system to its prior state (e.g., a weight hanging from | of quantities provide information about the magnitude
of properties and processes. Scientific relationships
builds on K=5 experi s, both natural and engineered, rely on feedback can be represented through the use of algebraic
include investigations.that i i mechanisms to maintain stability, but they can function only within a expressions and equations. (d)

and provide evidence f limited range of conditions. With no energy inputs, a system starting
design solutions. out in an unstable state will continue to change until it reaches a
= Collect data and generate evidence to answer stable configuration (e.g., sand in an hourglass). (e)
scientific questions or test i
under a range of conditions.

Connections to other DCIs in this grade-level: MS,ESS-SS, MS.ESS-EIP, MS.ESS-ESP, MS.ESS-WC

Articulation to DCIs across grade-levels:~3.FI, HS.PS-IF

Common Core State Standards Connections: /Note: these connections will be made more explicit and complete in future draft releases]

ELA-

RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions
that allow for multiple avenues of exploration.

Mathematics —

MP1 Make sense of problems and persevere in solving them.

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

MP.6 Attend to precision.

5.0A Analyze patterns and relationships.

6.EE Represent and analyze quantitative relationships between dependent and independent variables.
7.RP Analyze proportional relationship and use them to solve real-world and mathematical problems.
7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and equations.
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MS.PS-WER Waves and Electromagnetic Radiation

MS.PS-WER  Waves and Electromagnetic Radiation

Students who demonstrate understanding can:

a. Use a drawing or physical representation of simple wave properties to explain brightness’and’color. [Assessment Boundary:
Qualitative, not quantitative. Restricted to the following wave properties: frequency, wavelength, and amplitude.]
b. Plan and carry out investigations of sound traveling through various types of mediums aid lack of medium to determine
whether a medium is necessary for the transfer of sound waves. [Clarification Statement; £xamples of investigations examining a lack of medium

could include using a vacuum bell jar.]

c. Construct explanations of how waves are reflected, absorbed, or transmitted through an.object, considering the material
the object is made from and the frequency of the wave. [Assessment Boundary: Quaiitative/application to light, sotind, and seismic waves only.]

d. Use empirical evidence to support the claim that light travels in straight lines €xcept at surfaces between different
transparent materials. [Clarification Statement: Examples of surfaces between transparent paterigls can include air and water, and air and glass.] [Assessment
Boundary: Only non-computational observations; alterations of the speed of waves is not assessedUntil high school.]

e. Ask questions about certain properties of light that can be explainéd by a wave madel! of light. [Clarification Statement: Examples of
properties of light can include brightness, color, and the refracting of light in a prism.]

f. Apply scientific knowledge to explain the application of waves in common communication designs. [Clarification Statement:
Examples of common communication designs can include cell phones, radios, remote controls, and Bltetooth™ fAssessment Boundary: Applications limited to ability to transmit,

receive, and encode.]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Asking Questions and Defining Problems
Asking questions and defining problems in grades 6-8 builds from grades K-5
experiences and progresses to formulating and refining empirically testable
questions and explanatory models.
= Ask questions that arise from phenomena, models, or unexpected resuits.
(®
Developing and Using Models
Modeling in 6-8 builds on K-5 and progresses to developirig, usirig and revising
models to explain, explore, and predict more abstract phienomena and design
systems.
= Use and/or construct models to predict, explain, and/or collect data to test
ideas about phenomena in natural or designed systems, including those
representing inputs and outputs. (a)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions ortest soititions to
problems in 6-8 builds on K-5 experiences-and progresses to include
investigations that use multiple variables and provide evidence to support
explanations or design solutioris.
= Plan and carry out investigations individually and collaboratively, identifying
independent and dependent variables-and controls. (b)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6—8 builds on K-5
experiences and progresses to include constructing explanations and designing
solutions supported by multiple sources of evidence consistent with scientific
knowledge, principles, and theories.
= Use qualitative and quantitative relationships between variablesto construct
explanations for phenomena. (c)
= Apply scientific knowledge to explain real-world examples or events. (f)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-5 experiences and
progresses to constructing a convincing argument that supports or refutes claims
for either explanations or solutions about the natural and designed world.
= Use oral and written arguments supported by empirical evidence and
reasoning to support or refute an argument for a phenomenon or a solution
to a problem. (d)

PS4.A: \Wave Properties

A simple wave-has a repeating pattern with a specific
wavelength, frequency, and amplitude. (@)

A sound'wave needs a medium thrsugh which it is
transmitted. (b)

Geologists use seisrnic waves and their reflection at
interfaces between layers to probe structures deep in
the planet. (c)

PS4.B: Electromagnetic Radiation

When light shines,on an object, it is reflected,
absorbed, or transmitted through the object,
depending on the object’s material and the frequency
(color) of the Tigiit. (c)

The-path thattight travels can be traced as straight
lines, except at surfaces between different transparent
materials (e.g., air and water, air and glass) where the
light path bends. Lenses and prisms are applications of
this effect. (d)

A wave model of light is useful for explaining
brightness, color, and the frequency-dependent
bending of light at a surface between media (prisms).
However, because light can travel through space, it
cannot be a matter wave, like sound or water waves.

(a).(e)

PS4.C: Information Technologies and
Instrumentation

Appropriately designed technologies (e.g., radio,
television, cell phones, wired and wireless computer
networks) make it possible to detect and interpret
many types of signals that cannot be sensed directly.
Designers of such devices must understand both the
signal and its interactions with matter. (f)

Many modern communication devices use digitized
signals (sent as wave pulses) as a more reliable way
to encode and transmit information. (f)

Crosscutting Concepts

Systems and System Models
Systems may interact with other
systems; they may have sub-
systems and be a part of larger
complex systems. Models can be
used to represent systems and their
interactions—such as inputs,
processes and outputs—and energy,
matter, and information flows within
systems. Models are limited in that
they only represent certain aspects
of the system under study. (b),(e)
Structure and Function

Complex and microscopic structures
and systems can be visualized,
modeled, and used to describe how
their function depends on the
shapes, composition, and
relationships among its parts,
therefore complex natural and
designed structures/systems can be
analyzed to determine how they
function. Structures can be
designed to serve particular
functions by taking into account
properties of different materials, and
how materials can be shaped and

used. (a),(c),(d),(f)

Connections to other DCIs in this grade-level: MS.ESS-SS, MS.ESS-ESP, MS.ESS-EIP

Articulation to DCIs across grade-levels: 3.SFS, 4.WAV, 5.SSS, HS.PS-W, HS.PS-ER, HS.PS-FM

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-
SL.5.1
ideas and expressing their own clearly.
SL.6.1
others’ ideas and expressing their own clearly.
SL.6.3
SL.7.3
SL.8.3
evidence is introduced.

RST.6-8 Distinguish among facts, reasoned judgment based on research findings, and speculation in a text.

Mathematics —
MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.
MP.6 Attend to precision.
6.EE

Represent and analyze quantitative relationships between dependent and independent variables.

Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 5 topics and texts, building on others’
Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on
Delineate a speaker’s argument and specific claims, distinguishing claims that are supported by reasons and evidence from claims that are not.

Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and the relevance and sufficiency of the evidence.
Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and relevance and sufficiency of the evidence and identifying when irrelevant
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HS.PS-SPM Structure and Properties of Matter

HS.PS-SPM  Structure and Properties of Matter

Students who demonstrate understanding can:

a. Construct models showing that stable forms of matter are those with minimum magnetic
[Clarification Statement: Examples of stable forms of matter can include noble gas atoms, simple molecules, and simple ionic

common substances- for example, water, carbon dioxide, common hydrocarbons, sodium chloride.]

hydrocarbons, sodium chloride]
Develop explanations about how the patterns of electrons in the outer leve
reflect and can predict properties of elements. [Clarification Statement: An example

periodic table: These elements all have one electron in the outer most energy level and as such are all
elements (not transition metals or elements beyond the third row).]

[Clarification Statement: Types of atomic and molecular representations can include computer-
include reactivity, and polar vs. non-polar.] [Assessment Boundary: Not theoretical models]

strength of the interactions among particles in the substance. [Clarificatio
boiling point.] [Assessment Boundary: Comparisons between ionic and molecular cies or network and molecul
different intermolecular forces are not included. Only the following types of p@v’(jg}e\'krmluded in data and.explahations:

and electrical field energy.

ulk properties of substances can include melting point and
species are included, but those that require understanding of

atoms, ions, and molecules. ]

The performance expectations above were developed using the fol}owing\eleme\n&from the NRC document.A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using, synthesizing, and
constructing models to predict and explain relationships between s
and their components in the natural and designed world.

= Use multiple types of models to represent and explain phénom

between systems and their components. (a)

Analyzing and Interpreting Data _. S
milar chemlcal properties in columns.

The repeating patterns of this table
eflect patterns of outer electron states.

The structure and interactions of matter

at the bulk scale are determined by

electrical forces within and between

atoms. (e)

le forms of matter are those in which

e electric and magnetic field energy is
minimized. A stable molecule has less
energy, by an amount known as the
binding energy, than the same set of
atoms separated; one must provide at
least this energy in order to take the
molecule apart. (a),(b)

PS2.B: Types of Interactions

= Attraction and repulsion between electric

charges at the atomic scale explain the

structure, properties, and transformations

of matter, as well as the contact forces

between material objects. (d),(e)

obtained from a variety of sources (e.g
theories) and peer review. (c)
Engaging in Argument from Evidence

about the natural
nt scientific or

reasoning to defend and critique claims and explanatioi
and designed world. Arguments may also come from curri
historical episodes in science.

= Evaluate the merits of competing arguments, design solutions and/or
models. (d)

Evaluate the claims, evidence, and reasoning of currently accepted
explanations or solutions as a basis for the merits of the arguments. (d)

Crosscutting

Cause and Effect

Fmpirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects. Cause and effect relationships
can be suggested and predicted for complex natural
and human designed systems by examining what is
known about smaller scale mechanisms within the
system. Systems can be designed to cause a desired
effect. Changes in systems may have various causes
that may not have equal effects. (a),(b),(c),
[Clarification Statement for a: Stability is caused
by minimization of energy.]

[Clarification Statement for c: The likelihood of
interactions between elements is caused by the
number of electrons in their valence shell, and
thus the arrangement of the periodic table.]
Systems and System Models

Models can be used to predict the behavior of a
system, but these predictions have limited precision
and reliability due to the assumptions and
approximations inherent in models. (d)

Structure and Function

Investigating or designing new systems or structures
requires a detailed examination of the properties of
different materials, the structures of different
components, and connections of components to reveal
its function and/or solve a problem. The functions and
properties of natural and designed objects and
systems can be inferred from their overall structure,
the way their components are shaped and used, and
the molecular substructures of its various materials.
(e)

[Clarification Statement for e: The relative
strength of interactions among particles causes
different bulk properties.]

Connections to other DCIs in this grade-level: HS.LS-MEOE, HS.ESS-SS, HS.ESS-ES

Articulation to DCIs across grade-levels: MS.PS-SPM

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA—-
RST.8
SL.9-10.2

Distinguish among facts, reasoned judgment based on research findings, and speculation in a text.

source.

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their own experiments),
previous explanations or accounts.

SL.11-12.2

Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each

nothing when the findings support or contradict

Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitatively, orally) in order to make informed decisions

and solve problems, evaluating the credibility and accuracy of each source and noting any discrepancies among the data.
RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understanding of a process, phenomenon, or concept, resolving

conflicting information when possible.

Mathematics —

MP.4 Model with mathematics.

8.F Use functions to model relationships between quantities

S.ID Summarize, represent, and interpret data on two categorical and quantitative variables

S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational studies
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HS.PS-CR Chemical Reactions

HS

.PS-CR Chemical Reactions

Students who demonstrate understanding can:

a.

Analyze and interpret data to support claims that energy of molecular collisions and the concentration of the reacting

particles affect the rate at which a reaction occurs. [Assessment Boundary : Limited to simple (zero or first order in each reactant) reactions. The exact
relationship between rate and temperature is not required.]

Develop and use models to explain that atoms (and therefore mass) are conserved during a chemical reaction. [Clarification
Statement: Models can include computer models, ball and stick models, and drawings.] [A ssessment Boundary : Stoichiometsic calgdlations are not required.]

Analyze and interpret data to make claims that reaction conditions can be used tooptimize the output of a chemical
Process. [Assessment Boundary : Limited to simple reactions. Reaction conditions are limited to temperature, presSure, and concentrations of all substances in the sy stem.]
Construct mathematical models to explain how energy changes in chemical reactiohs are caused by changes in binding
energy as the reactants form products and in which changes in the kinetic energy of the system can be detected as
change in temperature. [Assessment Boundary : Limited to calculating the change in binding epérgy and resulting change in‘thermakenergy for simple chemical
reactions, (i.e., reactions of simple hydrocarbons with oxy gen).]

Construct and communicate explanations using the structure of atoms, tfends in the periodic table and knowledge of the

patterns of chemical properties to predict the outcome of simple chemical reactions. [Assessment Boundary : O nly_those chemical reactions
readily predictable from the element’s position on the periodic table and combustion reactions are inténded.]

Construct and communicate explanations that show how chemical processes and/or properties of materials are central to

biological and geophysical systems. [Clarification Statement: Chemical processes can‘includeM6xidatjeh of hydrocarbons, and the reaction of CO;and H20to give
hy drocarbons. Properties of materials can include water expanding when freezing,] [A ssessment Boundaxy : Restricted to ov erall chemical processes (for example, oxidation of
carbon compounds), or construction of carbon compounds (photosy nthesis); details 6f<hiochemical pathways are not required (for example, Krebs Cycle).]

Use system models (computer or drawings) to construct molecular-level explanations to predict the behavior of systems

where a dynamic and condition-dependent balance between-a reaction and the reverse reaction determines the numbers

of all types of molecules present. [Assessment Boundary : Limited tg simple reactions, adding or removing oneeactant or product ata time.]
h. Construct explanations using data from system models or simulations-to support the ciaim that systems with many
molecules have predictable behavior, but that the behaviok of individualmelecules.is unpredictable.

The performance expectations above were deveioped using-the following elements fiom the NRC document’A Framework for K-12 Science Education:

Science and Engineering Practices /|

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using,
sy nthesizing, and constructing models to predict and explain
relationships betw een sy stems and their components in the
natural and designed world.
= Use multiple ty pes of models to represeiit and expiain
phenomena and mov e flexibly between model ty pes
based on merits and limitations.”(b)
= Construct, revise, and use models to” predict and explain
relationships betw een sy stems arid their components.
(b).(9)
= Use models (including mathematical and computational)
to generate data to explain and predict phenomena,
analy ze sy stems, and solv e problems. (d)
Analyzing and Interpreting Data
Analy zing data in 9-12 builds on K-8 and progresses to
introducing more detailed statistical analysis, the
comparison of data sets for consistency, and the use of
models to generate and analy ze data.
= Usetools, technologies, and/or models (e.g.,
computational, mathematical) to generate and analy ze
data in order to make valid and reliable scientific claims
or determine an optimal design solution. (a),(c)
= Consider limitations (e.g., measurement error, sample
selection) when analy zing and interpreting data. (a),(c)
Constructing Explanationsand Designing Solutions
Constructing explanations and designing solutions in 9-12
builds on K-8 experiences and progresses to explanations
and designs that are supported by multiple and independent
student-generated sources of evidence consistent with
scientific know ledge, principles, and theories.
= Make quantitativ e claims regarding the relationship
between dependent and independent v ariables. (h)
= Apply scientific reasoning, theory, and models to link
evidence to claims and show why the data are adequate
for the explanation or conclusion. (h)
= Construct and revise explanations and arguments based
on evidence obtained from a variety of sources (e.g.,
scientific principles, models, theories) and peer review.

(e) ()

PS1.B: Chemical Reactions

= Chemical processes, their rates; and w hether or not energy
is stored or released can be understood in terms of the
collisions” of molecuies-and the reairangements of atoms
into néw molecules, with consequeni’changes in total
binding eriergy (i.e.,the-sum of al bond energies in the set
of moletules) that are matched by changes in kinetic
energy . (@),(d)

= In many situations, a dy namicand condition-dependent
balance between a reaction and the reverse reaction
determines the numbers of all ty pes of molecules present.
(©)(9)

=\ The fact that atoms are conserved, together with know ledge
of the chemical properties of the elements involved, can be
used to describe and predict chemical reactions. (b),(e)

= Chemical processes and properties of materials underlie
many important biological and geophy sical phenomena. (f)

PS2.C: Stability and Instability in Physical Systems

»~ When a system has a great number of component pieces,
one may not be able to predict much about its precise
future. Forsuch systems (e.g., with very many colliding
molecules), one can often predict average but not detailed
properties and behaviors (e.g., average temperature,
motion, and rates of chemical change but not the
trajectories or other changes of particular molecules). (h)

PS3.A: Definitions of Energy

= “Chemical energy ” generally is used to mean the energy
that can be released or stored in chemical processes, and
“electrical energy ” may mean energy stored in a battery or
energy transmitted by electric currents. Historically, different
units and names were used for the energy present in these
different phenomena, and it took some time before the
relationships between them were recognized. (d)

Crosscutting Concepts

Patterns

Different patterns may be observed at each of the
scales at which a sy stem is studied and can provide
evidence for causality in explanations of
phenomena. Classifications or explanations used at
one scale may fail or need revision when
information from smaller or larger scales is
introduced; thus requiring improv ed inv estigations
and experiments. Patterns of performance of
designed sy stems can be analy zed and interpreted
to reengineer and improv e the sy stem.
Mathematical representations are needed to
identify some patterns. (e),(f)

Cause and Effect

Empirical evidence is required to differentiate
between cause and correlation and make claims
about specific causes and effects. Cause and effect
relationships can be suggested and predicted for
complex natural and human designed sy stems by
examining whatis known about smaller scale
mechanisms within the sy stem. Sy stems can be
designed to cause a desired effect. Changesin
sy stems may hav e various causes that may not
hav e equal effects. (a),(b),(c),(d),(h)

Energy and Matter

The total amount of energy and matter in closed
sy stems is conserved. Changes of energy and
matter in a sy stem can be described in terms of
energy and matter flows into, out of, and within
that sy stem. Energy cannot be created or
destroy ed—it only mov es betw een one place and
another place, betw een objects and/or fields, or
betw een sy stems. Energy drives the cycling of
matter within and betw een sy stems. In nuclear
processes, atoms are not conserved, but the total
number of protons plus neutrons is conserved. (g)
= [Clarification Statement for g: Dy namic and
condition-dependent balances are dependent
on matter and energy flows.]
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HS.PS-CR Chemical Reactions

HS.PS-CR Chemical Reactions (continued)

Connections to other DCIs in this grade-level: HS.ETS-ED, HS.LS-SFIP, HS.LS-MEOE, HS.ESS-ES

A rticulation to DCIs across grade-levels: MS.PS-CR

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

W.8.8 Gather relevant information from multiple print and digital sources, using search terms effectively ; assess the credibility an
paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their ow n experiments), notjrig whi
previous explanations or accounts.

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understa
conflicting information when possible.

of each source; and quote or

the findings support or contradict

ng of a process, phenomenon, or concept, resolving

Mathematics —

MP.2 Reason abstractly and quantitatively .

MP.4 Model with Mathematics

8.SP Inv estigate patterns of association in biiv ariate data.

S.ID Summarize, represent, and interpret data on a single count or measurement v ariable
A-CED.1 Create equations that describe numbers or relationships
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HS.PS-E Energy

HS.PS-E Energy

Students who demonstrate understanding can:

a. Construct and defend models and mathematical representations that show that over time the total energy within an

isolated system is constant, including the motion and interactions of matter and radiation within the system. [Assessment
Boundary: Computational accounting for energy in a sy stem limited to sy stems of two or three components.]

Identify problems and suggest design solutions to optimize the energy transfer into and-out of a system. [Clarification Statement:

Design solution examples can include insulation, microchip temperature control, cooking electronics, and roller coaster design, 4 [Assessment Boundary : Limited to mechanical and

thermal sy stems.]

Analyze data to support claims that closed systems move toward more uniform epnergy distribution.
Design a solution to minimize or slow a system'’s inclination to degrade to identify the effects on the flow of the energy in

the system. [Clarification Statement: Examples of sy stem degradation can include wearing down due to friction, in¢rease inndisorder, and radioactive decay.]

Boundary: Does not mean particular biological processes such as Krebs cy cle.]
f. Construct models to represent and explain that all forms of energy can be viewed as either the movement of particles or
energy stored in fields. [Assessment Boundary : Models representing field energies need not be” mathematical.]

Construct models to show that energy is transformed and transferred within ard between.living organisms. [Assessment

Construct representations that show that some forms of energy ihay be best understood at the moiecular or atomic scale.

[Clarification Statement: Forms of energy represented can include thermal, electromagnetic/and selind.] Assessmerit Boundary: Limited to cencepttal understanding;

quantitativ e representations are not required.]

h.

of devices can include roller coasters, Rube Goldberg devices, wind turbines, and generators. ]

Design, build, and evaluate devices that convert one form of energy into ayother form of energy. [Clarification Statement: Examples

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

A sking Questions and Defining Problems
Asking questions and defining problems in grades 9-12
builds from grades K-8 experiences and progresses
to formulating, refining, and ev aluating empirically
testable questions and explanatory models and
simulations.
= Ask questions that challenge the premise of an
argument, the interpretation of a data set, or the
suitability of a design. (b)
Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using,
sy nthesizing, and constructing models to predict and
explain relationships betw een sy stems and their
components in the natural and designed world.
= Use multiple ty pes of models to represent and
explain phenomena and mov e fiexibly between model
ty pes based on merits and limitations. (a),(f)
= Construct, revise, and use' models to predict and
explain relationships between sy stems and their
components. (e),(g)
A nalyzing and Interpreting Data
Analy zing data in 9-12 builds cn K-8 and progresses to
introducing more detailed statistical analy.sis, the
comparison of data sets for consistency, and the use of
models to generate and analy ze data.
= Use tools, technologies, and/or modeis (e.g.,
computational, mathematical) to generate and
analy ze data in order to make valid and reliable
scientific claims or determine an optimal design
solution. (c)
Using Mathematics and Computational T hinking
Mathematical and computational thinking at the 9-12
lev el builds on K-8 and progresses to using algebraic
thinking and analy sis, a range of linear and nonlinear
functions including trigonometric functions, exponentials
and logarithms, and computational tools for statistical
analy sis to analy ze, represent, and model data. Simple
computational simulations are created and used based on
mathematical models of basic assumptions.
= Use mathematical or algorithmic representations of
phenomena or design solutions to create explanation,
computational models, or simulations. (a)
Constructing Explanationsand Designing
Solutions
Constructing explanations and designing solutions in 6-8
builds on K-5 experiences and progresses to include
constructing explanations and designing solutions
supported by multiple sources of evidence consistent with
scientific know ledge, principles, and theories.
= Apply scientific knowledge to solve design problems
by taking into account possible unanticipated effects.

(b).(d),(h)

PS3.A: Definitions of Energy

Energy is a quantitative property of a sy.stem that depends on the motion
and interactions of ‘matter and radiation within that sy stem. (a)

That there is a single, quantity called energy is due.to the fact that a

sy stem’s total energy is coriserved, even as; within the-sy stem, energy is
continually transferred from ene gbject to another and between its
various pessible forms. (a),(e),{n)

Atthe macroscopic scale, energy manifests itself in multiple ways, such
as in mation, \sound, light, and thermal energy . “Mechanical energy ”
generally\refers to some combinatian of motion and stored energy in an
operating |machine. (h)

These relationships are better understood at the microscopic scale, at

w hich ail of the different-manifestatiorns of energy can be modeled as
eithef motions of particles or energy stored in fields (which mediate
interactions betw eernparticles). This last concept includes radiation, a
phenorienon in which energy stored in fields moves across space. (f),(g)

PS3.B: Conservation of Energy and Energy Transfer

N

Conserv ation of energy means that the total change of energy in any

sy stemis alway.s equal to the total energy transferred into or out of the
sy stem. (a),(h)

Energy cannot be created or destroy ed, but it can be transported from
one place to another and transferred betw een sy stems. (b),(c),(e),(h)
Mathematical expressions, which quantify how the stored energy in a

sy stem depends on its configuration (e.g. relativ e positions of charged
particles, compression of a spring) and how kinetic energy depends on
mass and speed, allow the concept of conservation of energy to be used
to predict and describe sy stem behavior. (a),(c)

The av ailability of energy limits what can occur in any sy stem. (d)
Uncontrolled sy stems alway s evolve toward more stable states—that is,
toward more uniform energy distribution (e.g., water flows dow nhill,
objects hotter than their surrounding environment cool down). (c),(d),(e)
Any object or sy stem that can degrade with no added energy is unstable.
Eventually it will do so, but if the energy releases throughout the
transition are small, the process duration can be very long (e.g., long-
lived radioactiv e isotopes). (d)

PS3.D: Energy in Chemical Processes

The main way in which that solar energy is captured and stored on Earth
is through the complex chemical process know n as photosy nthesis. (e)
Solar cells are human-made devices that likewise capture the sun’s
energy and produce electrical energy . (h)

A variety of multistage phy sical and chemical processes in living
organisms, particularly within their cells, account for the transport and
transfer (release or uptake) of energy needed for life functions. (e)
Although energy cannot be destroy ed, it can be converted to less useful
forms—for example, to thermal energy in the surrounding environment.
Machines are judged as efficient or inefficient based on the amount of
energy input needed to perform a particular useful task. Inefficient
machines are those that produce more waste heat w hile performing the
task and thus require more energy input. It is therefore important to
design for high efficiency so as to reduce costs, waste materials, and
many environmental impacts. (b),(h)

Crosscutting Concepts

Systems and System Models

Sy stems can be designed to do specific
tasks. When inv estigating or describing
a sy stem, the boundaries and initial
conditions of the sy stem need to be
defined and their inputs and outputs
analy zed and described using models.

Models (e.g., phy sical, mathematical,
computer models) can be used to
simulate sy stems and interactions—
including energy, matter, and
information flow s— within and between
sy stems at different scales.

Models can be used to predict the
behavior of a sy stem, but these
predictions hav e limited precision and
reliability due to the assumptions and
approximations inherent in models.
(@) (©),(d),(e),(F), (g), (h)
= [Clarification Statement for all PEs:
Energy transfer cannot be directly
studied- a model must be used. In
design for maximal or minimal
energy transfer, the boundaries of a
sy stem must be defined]
Connections to Engineering,
Technology, and A pplications of
Science

Influence of Engineering,
Technology, and Science on Society
and the Natural World

Modern civilization depends on major
technological sy stems, such as
agriculture, health, water, energy,
transportation, manufacturing,
construction, and communications.
Engineers continuously modify these

sy stems to increase benefits w hile
decreasing costs and risks. New
technologies can have deep impacts on
society and the environment, including
some that were not anticipated. A naly sis
of costs and benefits is a critical aspect
of decisions about technology . (b)
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HS.PS-E Energy

HS.PS-ECT _ Energy (continued)

Connections to other DCIs in this grade-level: HS.LS-SFIP, HS.LS-MEOE, HS.ESS-CC, HS.ESS-HS, HS.ESS-ES, HS.ESS-SS, HS.ETS-ED, HS.ETS-ETSS

A rticulation to DCIs across grade-levels: MS.PS-E, MS.PS-CR

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

SL.1.c Propel conv ersations by posing and responding to questions that probe reasoning and evidence; ensure a hearing for a full range of positions on a topic or issue; clarify,
v erify, or challenge ideas and conclusions; and promote divergentand creative perspectiv es.

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitativ ely, orally ) ev atuating the credibility and accuracy of each
source.

RST.9-10.3 Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing techwical tasks, attending to special cases or
exceptions defined in the text.

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitatively, orally ) in.order to make informed decisions
and solv e problems, evaluating the credibility and accuracy of each source and noting any discrepancies apfong the

RST.11-12.3 Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, o ing™t ical tasks; analy ze the specific results based
on explanations in the text.

Mathematics —

MP.2 Reason abstractly and quantitatively .

MP.3 Construct viable arguments and critique the reasoning of others

MP.4 Model with Mathematics

MP.6 Attend to precision

A-REI.10 Represent and solv e equations and inequalities graphically .

A.SSE Interpret the structure of expressions.

A.CED Create equations that describe numbers or relationships.
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HS.PS-FM Forces and Motion

HS.PS-FM Forces and Motion

Students who demonstrate understanding can:

a. Plan and carry out investigations to show that the algebraic formulation of Newton’s second law of motion accurately
predicts the relationship between the net force on macroscopic objects, their mass, and-acceleration and the resulting

change in motion. [Assessment Boundary : Restricted to one- and two-dimensional motion and does not include rotational pfotion. Does not apply in the case of
subatomic scales or for speeds close to the speed of light. Calculations restricted to macroscopic objects moving at non-relétiv istie”speeds.]

b. Generate and analyze data to support the claim that the total momentum of a cleSed system of objects before an
interaction is the same as the total momentum of the system of objects after an interaction. [Clarification Statement: Conservation of

momentum is the focus.]

C. Use algebraic equations to predict the velocities of objects after an interactionwhen the masses and velocities of objects
before the interaction are known. [Assessment Boundary : Restricted to macroscopic intefactions’and only two objects nqving in one or two dimensions. ]

d. Design and evaluate devices that minimize the force on a macroscopic objéct during a collision.

e. Construct a scientific argument supporting the claim that the predictability of changes within.systems can be
understood by defining the forces and changes in momentum both inSide and outside the system. [assessment Boundary :

Restricted to macroscopic interactions.]

f. Communicate arguments to support claims that Newton'’s laws of motion apply to macroscopic objects but not to objeds
at the subatomic scales or speeds close to the speed of light. [Assessment Boyrdary : Ko details of quantum phy sics or relativ ity are included.]

The performance expectations above were developed using the following elements from the NRC dociment A Framework for K-12 Science Education:

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out inv estigations to answ er questions or test
solutions to problems in 9—12 builds on K-8 experiences and progresses to
include inv estigations that build, test, and revise conceptual, mathematical,
phy sical and empirical models.
= Planand carry out investigations individually and collaboratively and test
designs as part of building and revising models, explaining“phenomena,
or testing solutions to problems. Consider possible confounding v ariables
or effects, and ensure that the inv estigation’s design has controlled for
them. (@)
A nalyzing and Interpreting Data
Analy zing data in 9-12 builds on K-8 and progresses to introducing more
detailed statistical analysis, the comparison of data sets for consistency, and
the use of models to generate and analy ze data.
= Usetools, technologies, and/or models (e.g.,.computational,
mathematical) to generate and analy ze data in order to make valid arid
reliable scientific claims. (b)
Using Mathematics and Computational T hinking
Mathematical and computatiohal thinking at the 9-12 level builds.on K-8and
progresses to using algebiaic thirtkking and analy sis, a range @f linear and
nonlinear functions including- trigonemetric functions, exponentials and
logarithms, and computational tools for statistical analy sis to analy ze)
represent, and model data. Simple computational simulations are created
and used based on mathematical medels of basic assumptions.
= Use mathematical expressions to represent. phenomena or design
solutions in order to solv e algebraically. for desired quantities. ()
Constructing Explanationsand Designing Solutions
Constructing explanations and designing solutions in 9+12 builds on K-8
experiences and progresses to explanations and designs that-are supported
by multiple and independent student-generated sources of'evidence
consistent with scientific know ledge, principles, and theories.
= Apply scientific know ledge to solve design problems by taking into
account possible unanticipated effects. (d)
= Evaluate the claims, evidence, and reasoning of currently accepted
explanations or solutions as a basis for the merits of the arguments. (d)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-8 experiences
and progresses to using appropriate and sufficient evidence and scientific
reasoning to defend and critique claims and explanations about the natural
and designed world. Arguments may also come from current scientific or
historical episodes in science.
= Evaluate the claims, evidence, and reasoning of currently accepted
explanations or solutions as a basis for the merits of the arguments.

(e)(f)

PS2.a: Forcesand Motion

New tor‘s second iaw accurately predicts
changes in the motion of macroscopic objegts,
but it ‘requires revision for subatomic scales or
for speeds close to the speed of iight.

(@ (e) ()

Momentumis defiried for a particular frame of
reference; it is the mass times the velocity of
the object. (b}

In any system; total momentum is always
conserv ed.\(b),(¢)

If a sy stem interacts with objects outside itself,
the total momenturn of the sy stem can change;
how ev er, any seich change is balanced by
changes in the momentum of objects outside
the sy stem. (c),(d),(e)

PS2.C: Stability and Instability in Physical
Systems

Sy stems often change in predictable ways;
understanding the forces that driv e the
transformations and cy cles within a sy stem, as
well as the forces imposed on the sy stem from
outside, helps predict its behavior under a

v ariety of conditions. (d),(e)

Crosscutting Concepts

Cause and Effect

Empirical evidence is required to differentiate
between cause and correlation and make
claims about specific causes and effects.
Cause and effect relationships can be
suggested and predicted for complex natural
and human designed sy stems by examining
w hatis known about smaller scale
mechanisms within the sy stem. Systems can
be designed to cause a desired effect.
Changes in sy stems may hav e v arious causes
that may not have equal effects. (a),(c),(d)
Systems and System Models

When inv estigating or describing a sy stem,
the boundaries and initial conditions of the
sy stem need to be defined. (b),(e)

Connections to Engineering, Technology,
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Modern civilization depends on major
technological sy stems, such as agriculture,
health, water, energy, transportation,
manufacturing, construction, and
communications. Engineers continuously
modify these systems to increase benefits

w hile decreasing costs and risks. New
technologies can have deep impacts on
society and the environment, including some
that were not anticipated. A naly sis of costs
and benefits is a critical aspect of decisions
about technology . (d)
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HS.PS-FM Forces and Motion

HS.PS-FM

Forces and Motion (continued)

Connections to other DCIs in this grade-level: HS.ETS-ED, HS.ESS-SS, HS.ESS-ES

A rticulation to DCIs across grade-levels: MS.PS-FM, MS.PS-WER

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tas

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., atable or chart) and transldte information expressed visually or
mathematically (e.g., in an equation) into words.

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitativ€ data, 7 ideo, multimedia) in order to address a
question or solve a problem.

RST.11-12.8 Evaluate the hy potheses, data, analy sis, and conclusions in a science or technical text, v erifying the data corroborating or challenging conclusions
with other sources of information.

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.

Mathematics -

MP.2 Reason abstractly and quantitativ ely

MP.4 Model with Mathematics

MP.5 Use appropriate tools strategically

8.F Define, evaluate, and compare functions.

S.ID Summarize, represent, and interpret data on a single count or measurement v ariable

F.BF Build a function that models a relationship betw een tw o quantities

N-Q Reason guantitatively and use units to solve problems
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HS.PS-FE Forces and Energy

HS.PS-FE  Forces and Energy

Students who demonstrate understanding can:
a. Plan and carry out investigations in which a force field is mapped to provide evidence that forces can transmit energy
across a distance. [Assessment Boundary: Mapping limited to the direction of the force field.]

b. Develop arguments to support the claim that when objects interact at a distance, the energy stored in the field changes
as the objects change relative position. [Clarification Statement: An example of this pheno
repelling force and the strength of the field between them.] [Assessment Boundary: Qualitative compariso

C. Evaluate natural and designed systems where there is an exchange of between objects and fields and characterize

how the energy is exchanged. [Clarification Statement: Examples of these systems co
start.] [Assessment Boundary: Characterizations limited to qualitative descriptors.]

The performance expectations above were developed using the following elements from thé NRC document A Framework for-K-12 Science Education:

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or test | Forces
solutions to problems in 9—-12 builds on K-8 experiences and
progresses to include investigations that build, test, and revise
conceptual, mathematical, physical and empirical models.
= Plan and carry out investigations individually and collaboratively

and test designs as part of building and revising models,
explaining phenomena, or testing solutions to problems.
Consider possible confounding variables or effects, and ensure
that the investigation’s design has controlled for them. (a) .

Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-8
experiences and progresses to using appropriate and suffici
evidence and scientific reasoning to defend and critiq requires evidence of the pattern of the field lines]
explanations about the natural and designed world. £ direction © motlon c) = [Clarification Statement for b: Coulomb’s law:
also come from current scientific or historical epi in’sci X Proportion is a pattern.]
= Evaluate the claims, evidence, and reasoni = [Clarification Statement for c: A pattern of energy

accepted explanations or solutions as a basis for the merits of transfer will be apparent.]
the arguments. (b)
Obtaining, Evaluating, and Communicating I

Patterns
Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of phenomena.
Classifications or explanations used at one scale may
fail or need revision when information from smaller or
larger scales is introduced; thus requiring improved
investigations and experiments. Patterns of
performance of designed systems can be analyzed and
interpreted to reengineer and improve the system.
Mathematical representations are needed to identity
some patterns. (a),(b)

= [Clarification Statement for a: Mapping force fields

Connections to Engineering, Technology, and

Obtaining, evaluating, and communicating information i Applications of Science

builds on 6-8 and progresses to ev: idi

of the claims, methods, and designs. Interdependence of Science, Engineering, and
= Generate, synthesize, c i iti i Technology

methods, and designs-that appear |n scientifi i Science and engineering complement each other in the
or media reports. cycle known as research and development (R&D). Many
R&D projects may involve scientists, engineers, and
others with wide ranges of expertise. (c)

Connections to other DCIs.in thisgrade-level: HS.ESS-SS, HS.ESS-ES, HS.ESS-CC, HS.ETS-ETSS

Articulation to DCIs across grade-levels: MS.PS-E

Common Core State Standards €onnections: [Note: these gonnections will be made more explicit and complete in future draft releases]

RST.11-12.3 Follow precisely a complex multistep’procedure when carrying out experiments, taking measurements, or performing technical tasks; analyze the specific results based
on explanations in the text.

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.
Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.4 Model with Mathematics.

F.BF Build a function that models a relationship between two quantities.

A.CED Create equations that describe numbers or relationships.
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HS.PS-IF Interactions of Forces

HS.PS-IF Interactions of Forces

Students who demonstrate understanding can:

a. Use mathematical expressions to determine the relationship between the variables in Newton’s Law of Gravitation and

Coulomb’s Law, and use these to predict the electrostatic and gravitational forces b n objects. [Assessment Boundary: Only
situations with two objects are predicted.]

b. Use models to demonstrate that electric forces at the atomic scale affect and d ine the structure, properties
(including contact forces), and transformations of matter. [Clarification statement de graphical and computer models. Examples of
properties and transformations of matter can include intermolecular forces, chemical bonding, and enzymeSubstra action [Assessment Boundary: Only a qualitative

observations only.]
d. Obtain, evaluate, and communicate information to show th ns inside atomic nuclei

determine which nuclear isotopes are stable, and that the pa an often be predicted
[Clarification Statement: Types of decay in unstable nuclei can include alpha or beta radiation. nt Bodndary: Only a qualitative understanding of nuclear interactions is
expected.]

e. Obtain, evaluate, and communicate information te’sh engineers take advantage of the effects of

Science and Engineering Practices Crosscutting Concepts

Developing and Using Models Cause and Effect
Modeling in 9-12 builds on K-8 and progresses to usi v Empirical evidence is required to
constructing models to predict and explain relationships between sysi i i differentiate between cause and correlation
their components in the natural and designed worid. escri i and make claims about specific causes and
= Construct, revise, and use models to predi ationa i effects. Cause and effect relationships can
between systems and their components. (b) be suggested and predicted for complex

Planning and Carrying Out Investigations natural and human designed systems by
examining what is known about smaller

scale mechanisms within the system.
ause magnetic fields; electric charges or Systems can be designed to cause a desired
changing magnetic fields cause electric fields. (c) | effect. Changes in systems may have

and empirical models.

) = Attraction and repulsion between electric various causes that may not have equal
= Plan and carry out inve - .
designs as part of building-and revising models, explaining. pheno :?rircgtiieat;rr:)%::ggcasrﬁgl;::sa‘lslr;tar;i%ns of azast (ETE)
1 '’ y G LUtV e —e—— o - =
‘t;?;g‘tg :2'(;’2?]2; tObI matter, as well as the contact forces between Connections to Engineering, Technology,
material objects. (b),(e) and Applications of Science
Using Mathematical and . : = The strong and weak nuclear interactions are
Mathematical and computational th ._ IS pn K- important inside atomic nuclei—for example, Interdependence of Science,
progresses to using algebraic think i they determine the patterns of which nuclear Engineering, and Technology
nonlinear functions including trigono I F isotopes are stable and what kind of decays Science and engineering complement each
logarithms, and computational tools for tat'SF' Al : occur for unstable ones. (d) other in the cycle known as research and
represent, and model data. Simple comput development (R&D). Many R&D projects

used based on mathematical models of basic assumptions.
= Use mathematical expressions to represent phenomena or design solutions others with wide ranges of expertise. ()
in order to solve algebraically for desired quantities. (a)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12 builds on 6-8
and progresses to evaluate the validity and reliability of the claims, methods,
and designs.
= Generate, synthesize, communicate, and critique claims, methods and
designs that appear in scientific and technical texts or media reports.

(d).(e)

may involve scientists, engineers, and

Connections to other DCIs in this grade-level: HS.ETS-ETSS, HS.ESS-SS, HS.ESS-ES

Articulation to DCIs across grade-levels: MS.PS-IF, MS.PS-FM

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a
question or solve a problem.

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible and corroborating or challenging conclusions
with other sources of information.

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.
Mathematics —

MP.2 Reason abstractly and quantitatively

MP.4 Model with Mathematics

8.F Define, evaluate, and compare functions.

S.ID Summarize, represent, and interpret data on a single count or measurement variable
F.BF Build a function that models a relationship between two guantities
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HS.PS-W Waves

HS.PS-W Waves

Students who demonstrate understanding can:

a. Plan and carry out investigations to determine the mathematical relationships among

wavelength and how they are affected by the medium through which the wave trav
only.]

b. Carry out an investigation to describe a boundary between two media that affe

transmission of waves crossing the boundary. [Clarification Statement: Descriptions should i
Descriptions requiring trigonometric functions are excluded.]

C. Investigate the patterns created when waves of different frequencies co
to encode and transmit information. [Assessment Boundary: Qualitative only.]

ve speed, frequency, and

. [Assessment Boundary: Algebraic calculations

d. Use drawings, physical replicas, or computer simulation models to e

destructive interference of waves results in a standing wave pattern (resonance).] [Assessm ary: Qualitative€xplagations only.]

The performance expectations above were developed using the following elements from the NRC documient A Framework for K-12 Science Education:

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using,
synthesizing, and constructing models to predict and explain
relationships between systems and their components in the natural
and designed world.
= Use models (including mathematical and computational) to

generate data to explain and predict phenomena, analyze
systems, and solve problems. (d)

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions
solutions to problems in 9—12 builds on K-8 experiences
progresses to include investigations that build, test, an

instruments. (d)

range of linear and nonline
functions, exponentials an:

are supported by multiple and independent student-generate;
sources of evidence consistent with scientific knowledge, principles,
and theories.
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (c)

Crosscutting Concepts

Patterns
Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of
phenomena. Classifications or explanations used at
one scale may fail or need revision when
information from smaller or larger scales is
introduced; thus requiring improved investigations
and experiments. Patterns of performance of
designed systems can be analyzed and interpreted
to reengineer and improve the system.
Mathematical representations are needed to
identity some patterns. (a),(c),(d)

= [Clarification Statement for d: Constructive and

destructive interference of waves results in a
standing wave pattern, i.e. resonance.]

Cause and Effect
Empirical evidence is required to differentiate
between cause and correlation and make claims
about specific causes and effects. Cause and effect
relationships can be suggested and predicted for
complex natural and human designed systems by
examining what is known about smaller scale
mechanisms within the system. Systems can be
designed to cause a desired effect. Changes in
systems may have various causes that may not
have equal effects. (b)

Connections to other DCIs in this grade-level: HS-ETS-ETSS, HS-ETS-ED, HS.ESS-ES

Articulation to DCIs across grade-levels: MS.PS-WER

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA—-
W.9-10.7

Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry

when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

RST.9-10.7
mathematically (e.g., in an equation) into words.

W.11-12.7

Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or

Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry

when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.
RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a question

or solve a problem.
Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.4 Model with Mathematics.

F.LE Construct and compare linear, quadratic, and exponential models and solve problems.
A-REI.10 Represent and solve equations and inequalities graphically.

A.CED Create equations that describe numbers or relationships.
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HS.PS-ER Electromagnetic Radiation

HS.PS-ER Electromagnetic Radiation

Students who demonstrate understanding can:

a. Use arguments to support the claim that electromagnetic radiation can be described using both a wave model and a

particle model, and determine which model provides a better explanation of pltienoinena. [Assessment Boundary : Limited to
understanding that the quantum theory relates the two models, but students do not need to know the specifics 6f the guantum theory.]

b.

vacuum at the same speed (called the speed of light).
C. Obtain, evaluate, and communicate scientific literature about the effécts different wavelengths of electromagnetic
radiation have on matter when the matter absorbs it. [Assessment Boupdary~\0ly IR, UV, and gamma radiation are intended; qualitativ e descriptions

only.]

Obtain, evaluate, and communicate scientific literature to show that all electromagnetic radiation travels through a

Analyze and interpret data of both atomic emission and absorption’spectra of different sampies to make claims about the

presence of certain elements in the sample. [Assessment Boundary? Identification of elements to be based on comparisen of spectral lines. ]

Construct an explanation of how photovoltaic materials work using the particla model of light, and describe their

application in everyday devices. [Clarification Statement: Ev ery day devises can‘include sefar cells’and barcodes.] [Assessment’Boundary : Q ualitativ e descriptors

only ]

f. Obtain, evaluate, and communicate scientific literature about the differénces and similarities between analog and digital
representations of information to describe the rélative advantages.and disadvantages. [Assessment Boundary : Q ualitativ e explanations

only.]

Construct explanations for why the wavelength of an.electromagneticwave determines its use for certain applications.

[Clarification Statement: Examples of wav elength determining applications can include visibledight not being used™o observe atoms, and x-ray s being used for bone imaging.]
[Assessment Boundary : O nly qualitativ e descriptors in the explanation are intended.]

The performance expectations above were developed using the following elemeiits from the NRC docunient A Framework for K-12 Science Education:

Science and Engineering

A nalyzing and Interpreting Data
Analyzing data in 9-12 builds on K-8 and progrésses to
introducing more detailed statistical analy sis; the
comparison of data sets for consistency, and the use of
models to generate and analy ze data.
= Usetools, technologies, and models (e.g.

computational and mathematical) to plan, gather, and
analy ze data to make valid and reliable scientific claims
or justify an optimal solution. (d)

Constructing Explanationsand Designing Solutions
Constructing explanatiohs and designing solutions in 5-12
builds on K-8 expeiiences and progresses to
explanations and<designs that are supported by muitiple
and independent student-generated sources of evidence
consistent with scientific know ledge, principles, and
theories.
= Construct and revise explanations and arguments

based on evidence obtained from a variety of sources
(e.g., scientific principles, models, theories) and peer
review. (e),(g)

Engaging in Argument from Evidence
Engaging in argument from evidence in 512 builds from
K-8 experiences and progresses to using appropriate and
sufficient evidence and scientific reasoning to defend and
critique claims and explanations about natural and
designed world. Arguments may also come from current
scientific or historical episodes in science.
= Construct a counter-argument that is based in data

and evidence that challenges another proposed
argument. (a)

Obtaining, Evaluating, and Communicating

Information
O btaining, ev aluating, and communicating information in
9-12 builds on 6-8 and progresses to evaluate the
validity and reliability of the claims, methods, and
designs.
= Critically read scientific literature adapted for

classroom use to identify key ideas and major points
and to evaluate the validity and reliability of the
claims, methods, and designs. (b),(c),(f)

Practices_—|

PS4.A: Wave Properties
= Information can be\digitized (e.g., a picture stored as the values of
an array of pixels); in this ‘form, it can be stored reliably in computer
memary and sent ov er long\distances as a series of wave pulses. (f)
PS4 .B: Electromagnetic Radiation
= Electromagnetic radiation, (e.g,, radio, microwav es, light) can be
modeled as a wav e of thahging electric and magnetic fields or as
particies called_photons. The wave model is useful for explaining
many features of electromagnetic radiation, and the particle model
explains other features. Q uantum theory relates the two models.
(Boundary : Quantum theory is not explained further at this grade
level.)(@)
= Becausea wav e is not much disturbed by objects that are small
compared with its wav elength, visible light cannot be used to see
such objects as individual atoms. (g)
= Allelectromagnetic radiation travels through a vacuum at the same
speed, called the speed of light. Its speed in any other given medium
depends on its wav elength and the properties of that medium.
(b).(@)
= When light or longer wav elength electromagnetic radiation is
absorbed in matter, it is generally converted into thermal energy
(heat). (c),(9)
= Shorter wav elength electromagnetic radiation (ultraviolet, X-rays,
gamma ray s)can ionize atoms and cause damage to living cells.
(©)(9)
= Photov oltaic materials emit electrons when they absorb light of a
high-enough frequency. (e)
= Atoms of each element emit and absorb characteristic frequencies of
light, and nuclear transitions hav e distinctive gamma ray
wav elengths. These characteristics allow identification of the
presence of an element, evenin microscopic quantities. (d)
PS4.C: Information Technologies and Instrumentation
= Multiple technologies based on the understanding of waves and their
interactions with matter are part of everyday experiencesin the
modern world (e.g., medical imaging, communications, scanners)
and in scientific research. They are essential tools for producing,
transmitting, and capturing signals and for storing and interpreting
the information contained in them. (e),(f),(g)
= Knowledge of quantum phy sics enabled the development of
semiconductors, computer chips, and lasers, all of which are now
essential components of modern imaging, communication, and
information technologies. (Boundary : Details of quantum phy sics are
not formally taught at this grade level.) (g)

Crosscutting Concepts

Structure and Function
Investigating or designing new sy stems or
structures requires a detailed examination
of the properties of different materials, the
structures of different components, and
connections of components to rev eal its
function and/or solve a problem. The
functions and properties of natural and
designed objects and sy stems can be
inferred from their ov erall structure, the
way their components are shaped and used,
and the molecular substructures of its
v arious materials. (a),(b),(d),(e)
= [Clarification Statement for a: The way
something functions, e.g. visible light,
can be best understood through a
particular representation of its
structure.]
= [Clarification Statement for d: Rationale
is that from the spectra (the way they
function) the structure can be inferred.]
Connections to Engineering, Technology,
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Modern civilization depends on major
technological systems, such as agriculture,
health, water, energy, transportation,
manufacturing, construction, and
communications. Engineers continuously
modify these sy stems to increase benefits

w hile decreasing costs and risks. New
technologies can have deep impacts on
society and the environment, including
some that were not anticipated. A naly sis of
costs and benefits is a critical aspect of
decisions about technology . (c),(f),(g)
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HS.PS-ER Electromagnetic Radiation

HS.PS-ER Electromagnetic Radiation (continued)

Connections to other DCIs in this grade-level: HS.ET S-ETSS, HS.ESS-SS

A rticulation to DCIs across grade-levels:. MS.PS-WER N

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft seleas
ELA -
RI.9-10.8 Delineate and evaluate the argument and specific claims in a text, assessing w hether the reasoning is valid,@nd the‘evidence is relevantand sufficient; identify false

statements and fallacious reasoning.

SL.9-10.4 Presentinformation, findings, and supporting evidence clearly, concisely, and logically such that listen llow the line of reasoning and the organization,
development, substance, and sty le are appropriate to purpose, audience, and task.

SL.11-12.4 Presentinformation, findings, and supporting evidence, conveying a clear and distinct perspectiv i can follow the line of reasoning, alternative or
opposing perspectiv es are addressed, and the organization, development, substance, and sty | i ience, and a range of formal and informal tasks.

Mathematics —

N-Q Reason quantitatively and use units to solve problems

S.ID Summarize, represent, and interpret data on a single count or measurement v ariable

S.IC Make inferences and justify conclusions from sample surveys, experiments, and obsérv ati
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HS.PS-NP Nuclear Processes

HS.PS-NP Nuclear Processes

Students who demonstrate understanding can:
a. Construct models to explain changes in nuclear energies during the processes of fission, fiision, and radioactive decay

and the nuclear interactions that determine nuclear stability. [Assessment Boundary: Models'to exclide mathematical representations. Radioactive
decays limited to alpha, beta, and gamma.]

b. Analyze and interpret data sets to determine the age of samples (rocks, orga
of radioactive decay. [Assessment Boundary: Mathematical model limited to graphical representatio

c material) using the mathematical model

production. [Clarification Statement: Students are given data about energy production methods,
Students only analyze data provided. Merits only include economic, safety, and environmental]

The performance expectations above were developed using the following elements from the NRC document A Framework forK-12 Science Education:

Crosscutting

Science and Engineering Practices

Asking Questions and Defining Problems
Asking questions and defining problems in grades 9-12 builds from grades
K-8 experiences and progresses to formulating, refining, and evaluating
empirically testable questions and explanatory models and simulations.
= Ask questions that challenge the premise of an argument, the
interpretation of a data set, or the suitability of a design. (c)
Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using, synthesizing, and
constructing models to predict and explain relationships between systems
and their components in the natural and designed world.
= Construct, revise, and use models to predict and explain relationships
between systems and their components. (a)
Analyzing and Interpreting Data
Analyzing data in 9-12 builds on K-8 and progresses to i
detailed statistical analysis, the comparison of data s
the use of models to generate and analyze data. remain stable. Change and rates of change can
= Use tools, technologies, and models (e.g., col ] Chemical Processes and be quantified and modeled over very short or very
to generate and analyze data in order to make valid and reli ientifi i long periods of time. Some system changes are
claims or determine an optimal design solution. (b), ectricity generation and irreversible. Feedback (negative or positive) can
Using Mathematics and Computational Thinking r éls have associated stabilize or destabilize a system. Systems can be
Mathematical and computatlonal thlnkln a economic, social, and environmental costs designed for greater or lesser stability. (b)
its, both short and long term. (c)

Energy and Matte

The total amount of energy and matter in closed
systems is conserved. Changes of energy and
matter in a system can be described in terms of
energy and matter flows into, out of, and within
that system. Energy cannot be created or
destroyed—only moves between one place and
another place, between objects and/or fields, or
between systems. Energy drives the cycling of
matter within and between systems. In nuclear
processes, atoms are not conserved, but the total
number of protons plus neutrons is conserved. (a)
Stability and Change

Much of science deals with constructing

from the isotope ratios explanations of how things change and how they

Connections to Engineering, Technology,
and Applications of Science

Influence of Engineering, Technology, and
Science on Society and the Natural World
Modern civilization depends on major
technological systems, such as agriculture, health,
water, energy, transportation, manufacturing,
construction, and communications. Engineers
continuously modify these systems to increase
benefits while decreasing costs and risks. New
technologies can have deep impacts on society
and the environment, including some that were
not anticipated. Analysis of costs and benefits is a
critical aspect of decisions about technology. (c)

Connections to other topics in this grade-level: HS.ESS-SS, HS.ESS-HE, HS.ETS-ETSS

Articulation across grade-levels: MS.PS-SPM, MS.LS-NSA

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-

SL.1.c Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others into the
discussion; and clarify, verify, or challenge ideas and conclusions.

w.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.
w.9 Draw evidence from literary or informational texts to support analysis, reflection, and research.

Mathematics —

MP.4 Model with Mathematics

F.LE Construct and compare linear, quadratic, and exponential models and solve problems

A-CED.1 Create equations that describe numbers or relationships

N-Q Reason quantitatively and use units to solve problems
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MS-ETS-ED Engineering Design

MS-ETS-ED

Engineering Design

Students who demonstrate understanding can:

Evaluate ideas for solving an environmental problem to determine which designs best meet the criteria and constraints of

the problem and take into account scientific principles and short and long-term consequences. [Clarification Statement: Students
compare sand blasting, chemical solvent, and high heat for removing graffiti; evaluate different plans for solving problems dué to invasive species.] [Assessment Boundary: A
numerical weighting system may be used to evaluate designs, but not an advanced mathematical model.]
b. Develop a better design by combining characteristics of different solutions to arrive at a-design that takes into account
relevant scientific principles and better meets the needs of society. [Clarification Stafement: “For example, students develop a design for a highly
energy efficient automobile by combining ideas from different car ads.] [Assessment Boundary: Limit arguments£o qualitative characteristics.]
c. Compare different designs by building physical models and running them through the same kinds of tests, while
systematically controlling variables and recording the results to determine which design performs best. [Carification
Statement: For example, students test different designs for a bridge by building and testing a model or'compare different designs for a hydroponic farm by building and testing

small scale models in the classroom.]

d. Use a computer simulation to test the effectiveness of a design under different operating conditions, or test what would
happen if perameters of the model were changed, noting how the simulation may beimited in accurately modeling the

real world. [Clarification Statement: Examples include simulating how a solar hot water system would function in different seasons or parts of the world and simulating the
effects of different preventive actions in slowing the spread of disease during an epidemic.] [Assessment Boundary: Students should be given simulation software to use and not

expected to create their own.]

e. Refine a design by conducting several rounds of tests, modifying the model after each test, to create the best possible

design that meets the most important criteria. [Clarification Statement:-For example, students refine the design of a model building to withstand an
earthquake, strengthening failure points after each test, or refine the design of g waterfiltration System by adding\physical and chemical components and retesting after each

change.]

f. Communicate information about a proposed solution to a problem, including relevant scientific principles, how the design
was developed, how it meets the criteria and constraints of the problem, and how it reduces the potential for negative

consequences for society and the natural envirenment. [Clarification Statemefit: Students deyélop a poster, slide presentation, or oral design concept
presentation.] [Assessment Boundary: Arguments should‘be limited to qualitative characteristics.]

The performance expectations above were‘developed using the following elements\from the NRC A Framework for K — 12 Science Education:

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer
questions or test solutions to problems in 6-8 buiiids on-3-
5 experiences and progresses to include investigations that
control variables and provide evidenceto suppsit
explanations or design solutions.
= Plan and carry out investigations individually and
collaboratively, identifying independent and dependent
variables and controls. (c)
= Collect data and generate eviderice to answer scientific
questions or test design solutions. (<)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 6-8 level
builds on K-5 and progresses to identifying patterns in
large data sets and using mathematical concepts te
support explanations and arguments.
= Use digital tools (e.g., computers) to analyze very
large data sets for patterns and trends. (d)
= Use mathematical arguments to justify scientific
conclusions and design solutions. (d)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6—8
builds on K-5 experiences and progresses to include
constructing explanations and designing solutions
supported by multiple sources of evidence consistent with
scientific knowledge, principles, and theories.
= Undertake design projects, engaging in the design
cycle, to construct and implement a solution that
meets specific design criteria and constraints. (b),(e)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating information in
6-8 builds on K-5 and progresses to evaluate the merit
and validity of ideas and methods.
= Generate and communicate ideas and methods using
scientific language and reasoning. (a),(f)

ETS1.A: Defining and Delir

ting an Engineering Problem
The mareprecisely a design task’s critéria and constraints can
be defined, the more Tikely-it-is that the designed solution will
be successftil. (a)

Specification of.constraints includes consideration of scientific
principlesand other relevant knowledge that is likely to limit
possible solutions. (a)

ETS1.B: Developing Possible Solutions

A'solution needs te be tested, and then modified on the basis
of the test results, in order to improve it. (e)

There are systematic processes for evaluating solutions with
respect to how well they meet criteria and constraints of a
problem. (a)

It is important to be able to communicate and explain solutions
to others. (f)

Sometimes parts of different solutions can be combined to
Create a solution that is better than any of its predecessors. (b)
Models of all kinds are important for testing solutions, and
computers are a valuable tool for simulating systems. (d)
Simulations are useful for predicting what would happen if
various parameters of the model were changed, as well as for
making improvements to the model based on peer and leader
(e.g., teacher) feedback. (d)

ETS1.C: Optimizing the Design Solution

Comparing different designs could involve running them
through the same kinds of tests and systematically recording
the results to determine which design performs best. (c)
Although one design may not perform the best across all tests,
identifying the characteristics of the design that performed the
best in each test can provide useful information for the
redesign process-that is, some of those characteristics may be
incorporated into the new design. (c)

This iterative process of testing the most promising solutions
and modifying what is proposed on the basis of the test results
leads to greater refinement and ultimately to an optimal
solution. (e)

Once a suitable solution is determined, it is important to
describe that solution, explain how it was developed, and
describe the features that make it successful. (f)

Crosscutting Concepts

Cause and Effect
Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships may
be used to predict phenomena in natural or designed
systems. Phenomena may have more than one
cause, and some cause and effect relationships in
systems can only be described using probability.
(a)(e)
Systems and System Models
Systems may interact with other systems; they may
have sub-systems and be a part of larger complex
systems. Models can be used to represent systems
and their interactions—such as inputs, processes and
outputs—and energy, matter, and information flows
within systems. Models are limited in that they only
represent certain aspects of the system under study.
(©),(d)

Connections to Engineering, Technology,

and Applications of Science

Influence of Engineering, Technology, and
Science on Society and the Natural World

All human activity draws on natural resources and
has both short and long-term consequences, positive
as well as negative, for the health of people and the
natural environment. The uses of technologies are
driven by people’s needs, desires, and values; by the
findings of scientific research; and by differences in
such factors as climate, natural resources, and
economic conditions. Technology use varies from
region to region and over time. (a),(b),(f)
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MS-ETS-ED Engineering Design

MS-ETS-ED  Engineering Design (continued)

Connections to other DCIs in this grade-level: MS.ES-HI; MS.LS-GDRO; MS.PS-IF, MS.PS-E, MS.ETS-ETSS

Articulation to DCIs across grade-levels: 1.SF, 2.ECS, 2.PP, 4.E, 4.PSE, 4.WAV, HS.ETS-ED

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]
ELA -
RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.
W.6.1  Write arguments to support claims with clear reasons and relevant evidence.
W.7.1  Write arguments to support claims with clear reasons and relevant evidence.
W.8.1  Write arguments to support claims with clear reasons and relevant evidence.
WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and,genera
that allow for multiple avenues of exploration.

ing additional related, focused questions

Mathematics —

MP1 Make sense of problems and persevere in solving them.
MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

MP.6 Attend to precision.

6.EE Apply and extend previous understandings of arithmetic to algebraic expressions.

Represent and analyze quantitative relationships between dependent and independent variables.
7.RP Analyze proportional relationship and use them to solve real-world and mathematical problems.
7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and equations.
8.F Use functions to model relationships between quantities.
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MS-ETS-ETSS

Links Among Engineering, Technology, Science, and Society

Students who demonstrate understanding can:

a. Provide examples to explain how advances in engineering have resulted in new tools and instruments for measurement,

exploration, modeling, and computation that enable new scientific discoveries, which in tu
entire industries and engineered systems. [Clarification Statement: Examples include: microscopes enab

lead to the development of
ed thegerm theory of disease, which led to the

development of antibiotics, stimulating growth of the pharmaceutical industry; discoveries in physics led to development of/the integrated circuit, and computers, leading to

many scientific breakthroughs, and spawning new industries.]
Obtain, evaluate, and communicate information about a technology that draws
people and the natural environment, and was eventually found to have negative iripa

were later found to change the atmosphere and climate.]

to show factors that have shaped a major technological system over time (e.g., energy, trans|
Boundary: Explanations do not need to include all possible factors or be quantitative.]

Construct arguments for and against the development of a new tec
impacts (positive and negative) on the health of people; and the natur
enetl

consider the pros and cons of different new technologies such as maglev rail

that exploit renewable resources.]

Construct an explanation for how a technological system has chang

on

engineered cropsywear

envifonment.
le computers, human space travel, and new energy systems

natural resources to improve health of
cts, requiring regulations on its use

of new chemicals for refrigeration that
forests for heating and cooking, but

[Clarification Statement: Students should

The performance expectations above were developed using the following elements.from the NRC A Framework for K — 12 Science Education:
\ S

Science and Engineering Practices

Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6—8 builds
on K-5 experiences and progresses to include constructing
explanations and designing solutions supported by multiple
sources of evidence consistent with scientific knowledge,
principles, and theories.
= Apply scientific reasoning to show why the data ar
adequate for the explanation or conclusion. (a),(c)
= Apply scientific knowledge to explain real-world examp!
events and solve design problems. (a),(c)
Engaging in Argument from Evidence
Engaging in argument from evidence in
experiences and progresses to constri

builds on K-5 and progresses to evaluati
validity of ideas and methods.
= Generate and communicate ideas using sci
and reasoning. (b)

sources and evaluate the credibility of the publicati
authors, possible bias of the source, and methods us

Disciplinary Core Ideas

ETS2.A: Interdepe
and Technology

eering, Technology, and
society and the natural world
activity draws on natural resources and has

The uses oftechnology and any limitations on their
se are driven by individual or societal needs, desires,
nd values; by the findings of scientific research; and
y differences in such factors as climate, natural

resources, and economic conditions. (c),(d)

Thus technology use varies from region to region and

over time. (c)

= Technologies that are beneficial for a certain purpose

may later be seen to have impacts that were not

foreseen. In such cases, new regulations on use or

new technologies may be required. (b),(d)

osscutting Concepts
Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships may
be used to predict phenomena in natural or designed
systems. Phenomenon may have more than one
cause, and some cause, and effect relationships in
systems can only be described using probability.
(a),(c),(d)

Stability and Change

Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale. Small changes in one part
of a system might cause large changes in another
part. Stability might be disturbed either by sudden
events or gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due to a
balance of feedback mechanisms. (b),(c),(d)

Connections to other DCIs in this grade-level: MS.ESS-ESP, MS.ESS-WC, MS.ESS-HI, MS.LS-GDRO, MS.PS-WER, MS.ETS-ED

Articulation to DCIs across grade-levels: 3.IF, 3.WCI, 4.LCT, 4.WAV, 5.ESI, 5.SSS, HS.ETS-ETSS

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks

W.6.1  Write arguments to support claims with clear reasons and relevant evidence
W.7.1  Write arguments to support claims with clear reasons and relevant evidence
W.8.1  Write arguments to support claims with clear reasons and relevant evidence

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions

that allow for multiple avenues of exploration.
Mathematics —

MP1 Make sense of problems and persevere in solving them.
MP.2 Reason abstractly and quantitatively.
MP.4 Model with mathematics.
MP.6 Attend to precision.
6.EE Apply and extend previous understandings of arithmetic to algebraic expressions

Represent and analyze quantitative relationships between dependent and independent variables.
7.RP Analyze proportional relationship and use them to solve real-world and mathematical problems.
7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and equations.
8.F Use functions to model relationships between guantities.
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HS-ETS-ED Engineering Design

Students who demonstrate understanding can:

a. Ask questions and collect information to quantify the scope and impacts of a major giobal problem on local communities
and find evidence of possible causes by breaking the problem down into parts and investigating the mechanisms that may

contribute to each part. [Clarification Statement: For example, students ask questions to quantify the scope and,ifmpacts of acid rain in a local community by
investigating the mechanisms involved in stone monument erosion.] [Assessment Boundary: Limit to asking questions and gathering information to better understand the problem

and possible causes; not finding solutions.]

b. Analyze input and output data and functioning of a human-built system tg define apportunities to improve the system’s
performance so it better meets the needs of end users while taking into‘account constraints (e.g., materials, costs,
scientific principles). [Clarification Statement: Analyze data and functioning of a human-byuilt system such as a schooks heating and cooling system; or throughput and

functioning of a city’s wastewater system.]

c. Evaluate different solutions to a problem by identifying criteria (e.g., Cost, safety, reliability, aesthetics) and possible
impacts on society and the natural environment, and using a tfade<off matrix or numerical weighting system to choose
the best solution. [Clarification Statement: Example problems for which multiplé solutiéns can be propaéed and evaluated include deicing @ parking lot, increasing yield of
a garden or farm, or mining a natural resource with minimal environmental damage.]

d. Plan and carry out a quantitative investigation with physical models or protctypes to develop evidence on the
effectiveness of design solutions, leading to at least two rounds of testing’and improvement. [Clarification Statement: For example,
physical models or prototypes to conduct a quantitative investigation to determine if an ultraviolet light can“purify water equally well as a chlorine-based system.]

e. Use computational thinking to create, simulate, and compare different design solutions, checking to be certain that the
simulation makes sense when compared with the real world. [Clarification Statement: For example, students create a computer simulation of a model
building to see how different modifications could save energy and reduce GO, emissions.] [Assessment Boundary: Students use existing modeling software.]

f. Refine a solution by prioritizing criteria and taking into account-the life-cycle of a given product or technological system
and factors such as safety, reliability, and aesthetics to achieve an optimal solution. [Clarification Statement: For example, choose the best

ne the optimum methotd for€xtracting oil"and natuyél gas; or best method for treating soil prior to planting crops.]

possible heat pump technology for a campus building; ¢

The performance expectations above 'were developed using the following elemeiits from the NRE€'A Framework for K — 12 Science Education:

Science and Engineering Practices |

Asking Questions and Defining Problems
Asking questions and defining problems in grades 9-12 buiids
from grades K-8 experiences and progresses to formulating,
refining, and evaluating empirically testable questions and
explanatory models and simulations.
= Ask questions that arise from pheriomena, modeis, theory,
or unexpected results. (a)
= Ask questions to determine’quantitative relationships
between independent arid dependent variables. (a)
Planning and Carrying-Out Irvestigations
Planning and carrying out investigations to answer questions or
test solutions to problems in'9 — 12 builds on k — 8 experiences
and progresses to include investigations that build, test, and
revise conceptual, mathematical, physicai,.and empirical
models.
= Plan and carry out investigations collaboratively and test
designs as part of building and revising models, explaining
phenomena, or testing solutions to problems. Consider
possible confounding variables or effects, and ensure that
the investigation’s design has controlled for them. (d)
= Select appropriate tools to collect, record, analyze, and
evaluate data. (d)
Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on K-8 and progresses to
introducing more detailed statistical analysis, the comparison
of data sets for consistency, and the use of models to generate
and analyze data.
= Use tools, technologies, and models (e.g., computational,
mathematical) to generate and analyze data in order to
make valid and reliable scientific claims or determine an
optimal design solution. (b)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 9-12 level
builds on K-8 and progresses to using algebraic thinking and
analysis, a range of linear and nonlinear functions including
trigonometric functions, exponentials and logarithms, and
computational tools for statistical analysis to analyze,
represent, and model data. Simple computational simulations
are created and used based on mathematical models of basic
assumptions.
= Use simple limit cases to test mathematical expressions,
computer programs or algorithms, or simulations to see if
a model makes sense by comparing the outcomes with
what is known about the real world. (e)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9-12
builds on K-8 experiences and progresses to explanations and
designs that are supported by multiple and independent

ETS1.A: Defining and Delimiting an Engineering Problem
= Design griteria and constraints,\which typically reflect the needs of

the’ end-user of a technology or process, address such things as the
product’s or system’s function (what job it will perform and how), its
durabitity,-and limits on its size and cost. (b)

Criteria and constraints-also include satisfying any requirements set
by society, such as taking issues of risk mitigation into account, and
they should be quantified to the extent possible and stated in such a
way that one can tell if a given design meets them. (b)

Humanity faces major global challenges today, such as the need for
supplies of ciean water and food or for energy sources that minimize
pollution; which can be addressed through engineering. These global
challenges may also have manifestations in local communities. But,
whatever the scale, the first things that engineers do is define the
problem and specify the criteria and constraints for potential
solutions. (a)

ETS1.B: Developing Possible Solutions
= To design something complicated one may need to break the

problem into parts and attend to each part separately but must then
bring the parts together to test the overall plan. (a)

When evaluating solutions, it is important to take into account a
range of constraints, including cost, safety, reliability, and aesthetics,
and to consider social, cultural, and environmental impacts. (c)
Testing should lead to improvements in the design through an
iterative procedure. Both physical models and computer models can
be used in various ways to aid in the engineering design process.
Physical models, or prototypes, are helpful in testing product ideas or
the properties of different materials. (d)

Computer models are useful for a variety of purposes, such as in
representing a design in 3-D through CAD software; in
troubleshooting to identify and describe a design problem; in running
simulations to test different ways of solving a problem or to see
which one is most efficient or economical; and in making a
persuasive presentation to a client about how a given design will
meet his or her needs. (e)

ETS1.C: Optimizing the Design Solution
= The aim of engineering design is not simply to find a solution to a

problem but to design the best solution under the given constraints
and criteria. Optimization can be complex for a design problem with
numerous desired qualities or outcomes. Criteria may need to be
broken down into simpler ones that can be approached
systematically, and decisions about the priority of certain criteria over
others (trade-offs) may be needed. (f)

= The comparison of multiple designs can be aided by a trade-off

matrix. Sometimes a numerical weighting system can help evaluate a
design against multiple criteria. When evaluating solutions, all
relevant considerations, including cost, safety, reliability, and
aesthetic, social, cultural, and environmental impacts, should be

Crosscutting Concepts

Cause and Effect
Empirical evidence is required to
differentiate between cause and
correlation and make claims about specific
causes and effects. Cause and effect
relationships can be suggested and
predicted for complex natural and human
designed systems by examining what is
known about smaller scale mechanisms
within the system. Systems can be
designed to cause a desired effect.
Changes in systems may have various
causes that may not have equal effects.
(@)(e)
Systems and System Models
Systems can be designed to do specific
tasks. When investigating or describing a
system, the boundaries and initial
conditions of the system need to be
defined and their inputs and outputs
analyzed and described using models.
Models (e.g., physical, mathematical,
computer models) can be used to simulate
systems and interactions within and
between systems at different scales.
Models can be used to predict the
behavior of a system, but these
predictions have limited precision and
reliability due to the assumptions and
approximations inherent in models.
(b),(c),(d)

Connections to Engineering,

Technology,
and Applications of Science

Influence of Engineering,
Technology, and Science on Society
and the Natural World

Modern civilization depends on major
technological systems, such as agriculture,
health, water, energy, transportation,
manufacturing, construction, and
communications. Engineers continuously
modify these systems to increase benefits
while decreasing costs and risks. New
technologies can have deep impacts on
society and the environment,
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HS-ETS-ED Engineering Design

HS-ETS-ED Engineering Design (continued)

student-generated sources of evidence consistent with included. (c)
scientific knowledge, principles, and theories. Testing should lead to design improvements through an iterative
= Apply scientific knowledge to solve design problems by process, and computer simulations are one useful way of running
engaging in all steps of the design cycle, taking into such tests. (d)

account possible unanticipated effects. (f)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-8
experiences and progresses to using appropriate and sufficient
evidence and scientific reasoning to defend and critique claims
and explanations about the natural and designed world.
Arguments may also come from current scientific or historical
episodes in science.

Evaluate the merits of competing arguments, design

solutions and/or models. (c) /\

some that were not anticipated. Analysis
of costs and benefits is a critical aspect of
decisions about technology. (c),(f)

Connections to other DCIs in this grade-level: HS.ESS-CC, HS.ESS-HS, HS.PS-E, HS.ETS-ETSS

Articulation to DCIs across grade-levels: MS.ETS-ED

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete’in future draft releases]
ELA-

RST.9-10.3 Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or ing technical tasks, attendingto special cases or

mathematically (e.g., in an equation) into words.

RST.11-12.3 Follow precisely a complex multistep procedure when carrying out expéri i nts, or.performing technical tasks; analyze the specific results based

on explanations in the text.

WHST.9 Draw evidence from informational texts to support analysis, reflectior, an earch.
Mathematics —

MP.2 Reason abstractly and quantitatively

MP.4 Model with Mathematics

MP.5 Use appropriate tools strategically

8.F Define, evaluate, and compare functions.

S.ID Summarize, represent, and interpret data on a si easurement

S.IC Make inferences and justify conclusions fro riments, and ‘observational studies
F.BF Build a function that models a relationshi

F.LE Construct and compare linear, quadratj ponential models ard solve problers
N-Q Reason quantitatively and use units to

A.CED Create equations that describe numbers ortelationships.
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HS-ETS-ETSS

Links Among Engineering, Technology, Science, and Society

Students who demonstrate understanding can:

a. Plan and carry out an investigation to improve a technology and suggest ideas for furthei related scientific study.
[Clarification Statement: For example, a group of students investigate the environmental conditions needed to maintain a healthy aguatic population, apply findings to
improving an aquarium, and recommend research that can be done with the improved technology to study aquatic ecosystefms.]

b. Gather evidence to evaluate different explanations for the widespread adoption of'a mgdern technology, including the

role of societal demands, market forces, evaluations by scientists and engineers; and possible government regulation.
[Clarification Statement: For example, students evaluate explanations for the rapid spread of cell phones, LED lighting, etgenetisally engineered crops for farming.)

C. Analyze data to compare different technologies designed to accomplish the same function regarding their relative
environmental impacts, costs, risks, and benefits, and what may need to be dohe to reduce unanticipated negative
effects. [Clarification Statement: Comparisons include paper vs. electronic books, nuclear vs. coal-firéd power plants.] [Assessment Bolndary: Analysis limited to data

available online or provided to students.]

d. Construct or critique arguments based on evidence concerning the costs, risks, and benefits of changes in major
technological systems related to agriculture, health, water, energy, transportatioh, manufacturing, or construction,

needed to support a growing world population. [Clarification Statement:. For example, studefits copétruct arguments concerhing/the costs and benefits of
shifting from centralized to distributed energy generation systems or natural to genetically engineered trops.] fAssessment Boundary: Limited to relative comparison of costs

and benefits of different technological changes.]

The performance expectations above were developed using the following elements from-the NRC A Framework for K — 12 Science Education:

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer
questions or test solutions to problems in 9-12 builds on K-
8 experiences and progresses to include investigations that
build, test, and revise conceptual, mathematical, physical
and empirical models.
= Plan and carry out investigations Individually and
collaboratively and test designs as part of building and
revising models, explaining phenomena, or testing
solutions to problems. Consider possible confounding
variables or effects, and ensure the investigation’s
design has controlled for them. (a)
Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on K-8 and progresses to
introducing more detailed statistical analysis, the
comparison of data sets for consistency; and the use of
models to generate and analyze data:
= Use tools, technologies, and/sf modeis (e.g.,
computational, mathematical) to generate and analyze
data in order to make vaiid and reliable scientific claims
or determine an optimal design solution. (c)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-
8 experiences and progresses to using appropriate and
sufficient evidence and scientific reasoning to defend and
critique claims and explanations about the natural and
designed world. Arguments may also come fromi.current
scientific or historical episodes in science.
= Construct a counter-argument that is based in data and
evidence that challenges another proposed argumerit
(d)
= Criticize and evaluate arguments and design solutions in
light of new evidence, limitations (e.g., trade-offs),
constraints, and ethical issues. (d)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating information in 9—
12 builds on K-8 and progresses to evaluate the validity and
reliability of the claims, methods, and designs.
= Critically read scientific literature adapted for classroom
use to identify key ideas and major points and to
evaluate the validity and reliability of the claims,
methods, and designs. (b)
= Generate, synthesize, communicate, and critique claims,
methods, and designs that appear in scientific and
technical texts or media reports. (b)

ETS2.A: Interdependence of Science, Engineering, and
Technology

= Science and engineering complement each other in the
cycle known as research and development (R&D).(a)

= Many R&D projects may involve scientists, engineers, and
others-with wide ranges of expertisé. (a)

ETS2.B: Influence of Engineering, Tectinology, and
Science on Society and the Natural World

4 Modern civilization depends on major technological
systems, including those related to agriculture, health,
water, energy, transportation, manufacturing,
construction, and communications, (d)

= “Engineers contintousty-madify these technological systems
by appiying scientific and engineering knowledge and
practices to increase benefits while decreasing costs and
risks. (d)

= Widespread adoption of technological innovations often
depends on market forces or other societal demands, but it
may also be subject to evaluation by scientists and
engineers and to eventual government regulation. (b)

% New technologiescan have deep impacts on society and
the environment, including some that were not anticipated
or that may build up over time to a level that requires
attention or mitigation. (c)

=/ Analysis of costs, environmental impacts, risks and
benefits, are critical aspects of decisions about technology
use. (c)

Crosscutting Concepts

Cause and Effect

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects. Cause and effect relationships can
be suggested and predicted for complex natural and
human designed systems by examining what is known
about smaller scale mechanisms within the system.
Systems can be designed to cause a desired effect.
Changes in systems may have various causes that
may not have equal effects. (a),(b)

Stability and Change

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible. Feedback
(negative or positive) can stabilize or destabilize a
system. Systems can be designed for greater or lesser
stability. (b),(c),(d)
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HS-ETS-ETSS Links Among Engineering, Technology, Science, and Society

HS-ETS-ETSS Links Among Engineering, Technology, Science, and Society (continued)

Connections to other DCIs in this grade-level: HS.ESS-CC, HS.ESS-HS, HS.LS.IRE, HS.LS.NSE, HS.PS-ER, HS.PS-NP, HS.ETS-ED

Articulation to DCIs across grade-levels: MS.ETS-ETSS

Common Core State Standards Connections. [Note: these connections will be made more explicit and complete in future draft releases]

ELA -

wW.8.8 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility a
paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) apd transfate information expressed visually or
mathematically (e.g., in an equation) into words.

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent underst; ss, phenomenon, or concept, resolving
conflicting information when possible.

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.

Mathematics —

MP.2 Reason abstractly and quantitatively

MP.4 Model with Mathematics

MP.5 Use appropriate tools strategically

8.F Define, evaluate, and compare functions.

S.ID Summarize, represent, and interpret data on a single count or measurement variable

S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational studies

F.BF Build a function that models a relationship between two quantities

N-Q Reason quantitatively and use units to solve problems

MP.4 Model with Mathematics.

A.CED Create equations that describe numbers or relationships.
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